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SUMMARY

Tumorigenesis caused by deregulation of host genes after retroviral infection is well known. However, recently a previously unknown mechanism was found in murine tissues infected with simple retrovirus. This was viral antisense (AS) transcription, formerly only known to occur in infections with complex retroviruses. AS transcription was found to originate in the long terminal repeats (LTRs) of the simple provirus and the mechanism was found to be associated with the development of lymphatic tumors in the infected mice. The focus of this study was to confirm if AS transcription is a general feature of simple retroviruses, to investigate if the transcripts are translated to protein and examine how the AS transcription is regulated.

First, I examined two in vivo systems for the presence of viral AS transcripts: murine tumors induced with simple murine leukemia retroviruses (MLVs) and human cell lines with an active endogenous retrovirus related to the MLVs. In both systems chimeric fusion transcripts, consisting of viral sequence and host sequence, were detected by reverse transcriptase PCR. It is very likely that these chimeric transcripts were initiated in the LTRs of the respective retroviruses. I tried to determine the polarity of the transcripts and the transcription start sites, but this was unsuccessful. 

In order to characterize regulation of AS transcription more thoroughly a reporter system was designed. This system was a series of plasmids containing a LTR (SL3-3 wt, SL3-3.3xNF1 mutant or Akv) derived from simple MLVs, surrounded by two reporter genes; one reporter gene in the sense orientation and another in the AS orientation. Both reporter genes were found to be expressed in transfected HEK-293 and NIH-3T3 cells, indicating that the AS transcripts of MLVs are templates for translation. Furthermore, it seemed that AS transcription was induced together with sense transcription in transfected HEK-293 and NIH-3T3 cells upon induction of the sense transcription with the synthetic glucocorticoid dexamethasone (dex). Furthermore, attenuating the sense transcription by mutation of the nuclear factor 1 sites in the enhancer repeats of the viral SL3-3 LTR also attenuated the AS transcription. The general basal ratio of sense to AS transcription was found to be 14 to 114 for MLVs in transfected HEK-293 cells, while it was found to be twice as high when inducing the LTRs with dex

Mapping of initiation sites in transfected HEK-293 cells showed that AS transcripts were initiated at two different sites in the LTR, with a distance of four nucleotides 50 base pairs downstream of the inverse TATA box, indicating that high sense activity might facilitate AS transcription. More transcripts have to be sequenced in order to get a clear picture of the AS transcription initiation sites. Sense transcripts were as expected primarily found to be initiated at two sites at the U3-R border with a distance of two nucleotides. 

In conclusion, there is reason to believe that AS transcripts initiated from the LTRs of simple retroviruses are translated to proteins. Furthermore, the regulation of AS transcription is likely to be co-regulated with viral transcription in the sense orientation. The high ratio of sense to AS transcripts demonstrates that AS transcripts are produced at very low copy numbers. However, this does not rule out an important biological role for the chimeric AS transcripts. More studies need to be performed to collect more data on initiation sites and to verify the described results. 
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1  INTRODUCTION

The pathogenicity and mode of function of retroviruses have been the focus of comprehensive research, especially after the emergence of the human immunodeficiency virus (HIV) in the early 1980s. In the following sections, retroviruses will be introduced and their transcriptional activities, which is driven by the viral long terminal repeats (LTRs), will be described. 

The focus will be on the murine leukemia retroviruses (MLVs) and their mutagenic transcriptional properties which induce tumorigenesis in mice by deregulation of host genes. 

MLVs are interesting for several reasons. First of all, they have been used as a model system in the study of general viral features as a safe alternative compared to other retroviruses as HIV. MLVs have also shown potential as retroviral gene therapy vectors in treatment of X-linked severe combined immunodeficiency (SCID) patients, although a severe side effect has been the development of leukemia owing to the mutagenic nature of MLVs [Hacein-Bey-Abina et al., 2003]. Furthermore, the mutagenic properties of MLVs have been exploited for determining genes implicated in cancer development; as the same target genes are often deregulated in cancers not caused by a viral infection, new protooncogenes and tumor suppressor genes can be mapped and eventually this may result in the discovery of new drug targets in the treatment of human cancers. Retroviral targeting has actually identified many genes implicated in cancer and made important contributions to the list of known protooncogenes [Kool and Berns, 2009]. 

Understanding how MLVs are able to deregulate host genes and the potential consequence for cell biology might be used as a model system for deregulation of genes in tumorigenesis, as functionally equivalent mutations might appear in cancers not caused by an infection. At the same time, thorough understanding of the transcriptional characteristics of MLVs is also essential for the development of safe MLV vectors for gene therapy. 

2  RETROVIRUSES

The retroviruses and the retroviral lifecycle is well characterized, therefore primary references are not included in the  first sections describing these general characteristics. The text in this chapter is based on the following article and book chapters: Pedersen et al., 2011; Pedersen and Sørensen, 2010 (Book chapter: Pathogenesis of Oncoviral Infections) and Goff, 2007 (Book chapter: Retroviridae: The  Retroviruses and their replication). 

The retroviral particle consists of a lipid envelope that surrounds a core composed of structural proteins in which the catalytic proteins and the RNA genome are contained. Retroviruses have been named after their highly unique replication cycle; after infection of a cell the viral RNA genome is reversed transcribed to DNA which is subsequently incorporated stably into the host's genome as a provirus.    

Retroviruses can be transmitted in two different modes. Exogenous retroviruses are transmitted horizontally between members of a species or in-between species and they are not inherited through germ line transmission. Endogenous retroviruses were once exogenous retroviruses that infected germ cells. After being integrated in the germline the endogenous retrovirus behave as a normal gene in being transmitted vertically to offspring according to Mendelian laws.

The retroviral family has a high diversity and includes both pathogenic and non-pathogenic members. Many of the exogenous retroviruses are well known to cause disease in the infected host. Likewise, some endogenous retroviruses have been found to be capable of inducing and modifying disease while others have been found to have a beneficial impact for the host. 

Retroviruses, both exogenous and endogenous, are broadly divided into two categories; simple and complex. The structure of the genome determines which group a retrovirus belongs to. Simple retroviruses, like the MLVs have four genes; gag, pro, pol and env (Figure 1), while the genomes of complex retroviruses encode additional regulatory proteins. In the provirus, the viral genes are surrounded by two identical non-coding long terminal repeats (LTRs) that are entirely responsible for viral transcription.

The retroviruses are further classified into seven different groups based on evolutionary relatedness; whereas alpharetroviruses and gammaretroviruses are considered to be simple; deltaretroviruses, epsilon-retroviruses, lentiviruses, betaretroviruses and spumaviruses are considered to be complex. The MLVs are members of the gammaretroviruses.
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Figure 1: Overview of the genomic RNA, provirus, viral transcripts and polyproteins. The genomic RNA is reverse transcribed to DNA though a complex process yielding a provirus with terminal ends that are longer than in the RNA. The provirus consists of an internal region encoding gag, pro, pol and env (grey boxes). This is the four genes present in all replication competent retroviruses. gag encodes the structural proteins, nuclear capsid protein (NC), capsid protein (CA) and matrix protein (MA), which makes up the structural core of the virion. pro encodes the reverse transcriptase (RT) and the integrase (IN) necessary for generation and integration of the provirus, respectively. pol encodes the protease, responsible for cleaving Gag and Gag-Pro-Pol polyproteins to the individual proteins and env encodes the two envelope proteins, transmembrane protein (TM) and surface glycoprotein (SU). The gag gene of MLVs further encode the p12 protein, between the MA and the CA. 

The viral genes are surrounded by two identical LTRs, each having three segments; U3, R and U5 (green boxes). Below the provirus, the full length transcript and the spliced transcript are depicted. Transcripts are initiated in the 5' LTR and terminated and polyadenylated in the 3' LTR. Below the transcripts the polyproteins are depicted. 

Elements important for retroviral replication are marked on the DNA and RNA. The att sites are required for the integration of the provirus, while the R-regions are important in strand transfer. The PBS and the PPT are necessary for priming of the reverse transcription. The  region is important for package of the viral genomic RNA into new virions. att, attachment sites; PBS, primer binding site; PPT, poly purine tract; U3, unique 3'; R, repeat region; U5, unique 5'; psi (), packaging signal; SD, splice donor site; SA, splice acceptor site. Figure is not to scale. Modified from Liu, 2009.

2.1 The retroviral lifecycle

All retroviruses replicate through a complex life cycle, which is a series of stages including viral entry, reverse transcription, integration, transcription, translation, assembly and budding of new virions (Figure 2). In the following text, the emphasis will be on how the LTRs of the provirus are generated and their transcriptional activity.  

2.1.1 Organization of the virion and the viral genome

The virions are spherical particles with a diameter of about 80-150 nm. The outer envelope is composed of a lipid bilayer with envelope proteins embedded into it. The envelope proteins have two subunits, which are termed surface glycoprotein and transmembrane protein. The inner core is composed of the two proteins, matrix protein and capsid protein and contains the RNA genome, which is encapsulated by nucleocapsid protein. The viral enzymes are also present in the core; reverse transcriptase, integrase and protease. 

The viral genome is composed of two identical RNA strands with an individual length of 7- 12 kilo bases. The RNA strands are of positive polarity, corresponding to the coding strand. Similar to cellular mRNA, the viral RNA genome has a 5' cap and a polyA tail in the 3' end (Figure 1).  

In the internal part of the RNA genome the four open reading frames are located; gag, pro, pol and env, that encode the viral proteins (Figure 1). The viral genes are surrounded by unique regions, U5 in the 5' end and U3 in the 3' end of the RNA. Immediately next to U5 and U3, identical repeat (R) regions are located. Several noncoding elements are located in the U3, U5 and R-region including; attachment (att) sites, primer binding site (PBS), polypurine tract (PPT) and  region (Figure 1). 

When integrated into the host genome, the virus is referred to as a provirus or proviral DNA. The coding region in the provirus is identical to the genomic RNA, however the terminal ends differs (how this is accomplished is described in 2.1.3). Two identical LTRs, each with the following three segments; U3, R region and U5 surrounds the proviral genes (Figure 1). The largest segment of the LTRs is the U5.    

2.1.2 Viral entry to target cell

The first step in the viral life cycle is entry which is initiated as the viral particle attaches to a susceptible target cell. Specific interactions between the viral envelope protein and a cellular surface receptor lead to fusion of the cellular and viral membranes (Figure 2). After internalisation the viral particle undergoes a conformational change, known as uncoating and now the reverse transcription can take place. 
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Figure 2: Simplified overview of the retroviral life cycle. The infection cycle begins when the envelope protein of a virion attaches to a specific receptor on a susceptible host cell. When the viral and cellular membrane fuses, the viral core is released into the cellular cytoplasma. The viral RNA genome is then reverse transcribed to proviral DNA, with is subsequently integrated into the genomic DNA of the host. When integrated, the provirus is transcribed and translated by the host cell machinery. Env proteins are modified in the endoplasmatic reticulum before being transported to the cellular membrane, while the remaining viral proteins are transported to the site of assembly. New virions are assembled and packaged either in the cytoplasma or at the cellular membrane. The virus is enveloped at the plasma membrane and eventually buds off. The virions mature fully after being released. Modified from Pedersen et al., 2011.

2.1.3 Reverse transcription of the viral RNA and integration into the host genome

The reverse transcription of the RNA genome and the integration of the viral DNA are the defining characteristic of retroviruses and are furthermore essential for the mutagenic properties of MLVs. The two steps results in a provirus that is longer than the RNA genome. 

Reverse transcriptase catalyses the DNA synthesis which is primed by PBS and PPT in the RNA genome (Figure 1). The first strand (minus strand) synthesis is primed by a specific host produced tRNA that anneals to the PBS. 

During synthesis of the first strand, the reverse transcriptase's ribonuclease H activity specifically degrades RNA in the new RNA-DNA hybrid, except the PPT which resist degradation. The second strand synthesis is then primed by the PPT. The DNA synthesis is a very complex process, and involves two strand translocations, one at each strand synthesis.  This generates double-stranded proviral DNA with a complete LTR in each terminal. 

After reverse transcription the DNA has to be transferred from the cytoplasma to the nucleus. Different types of viruses employ different methods in order for this to happen. Gammaretroviruses like MLVs enter during mitosis, when the nuclear membrane is dissolved. 

Integrase mediates the permanent integration of the proviral DNA at a target site in the host genome. The full sequence of the provirus is inserted, except for two base pairs in each end. The integrated proviral DNA consists of the coding sequence surrounded by two identical LTRs containing three segments; U3, R and U5 (Figure 1). As staggered overhangs are generated in the target DNA during the integration process, the provirus will be surrounded by a duplication of host DNA of four to six bases. In MLVs the number of duplicated nucleotides are four. 

After the integration event, the provirus behaves as being a part of the host genome. Integration of the viral genome is necessary for efficient expression of most retroviruses and after being integrated the virus is able to persist in the infected cell, be inherited by daughter cells, permanently enter the germ line and work as a mutagen (the mutagenic properties of the retroviruses are described in section 2.4.1).  

2.1.4 Transcription and translation of the integrated provirus

The proviral DNA is transcribed and translated by the host cell's machinery. Elements important for transcription are all located in the LTRs. Signals for initiating and terminating the transcription of the provirus are present in the R region, while the U3 is closely packed with enhancer and promoter elements. The core promoter contains a TATA box, a CCAAT box and sometimes an initiator sequence. The enhancer elements function as the binding sites for a large number of different cellular transcription factors, capable of regulating the viral transcription. The effect of different regulators are not simply additive and can be complex. The U3 regions are quite diverse, even among closely related viruses, such as SL3-3 and Akv (Figure 3). 

Viral transcripts are produced by cellular polymerase II. The majority of transcripts are initiated in the 5' LTR at the U3-R boundary and terminated at the polyA signal in the 3´ LTR at the R-U5 boundary, although the two LTRs are identical. This is thought to be a result of either promoter interference, where the transcription from the 5' LTR suppresses transcription from the downstream promoter, or constraints in use of the 3' LTR promoter caused by elements near the 3' LTR. Similarly, transcripts can be polyadenylated in both LTRs. However, it seems that the polyA site in the 5' LTR is subject to read-through. It is believed that this happens either because the RNA is very short when the signal is reached or that signals necessary for recognition is only present in the 3' LTR. In insertional mutagenesis, these constraints may be lost leading to transcription from the 3' LTR and polyadenylation in the 5' LTR (described in 2.4.1).      

The level of transcription depends on the efficiency of which transcripts are initiated in the 5' LTR. Often, the viral promoter is very potent and the level of RNA is constitutively high. However, different circumstances can give variation as cell type, the physiologic state and the integration site. 

In MLVs and other simple retroviruses, two major transcripts are produced; a full length unspliced and a single spliced transcript (Figure 1). The full length transcript has two important functions: it is translated into Gag and Gag-Pro-Pol polyproteins or packaged as the RNA genome in new virions (Figure 1). The single spliced transcript, where the bulk of the gag and pol genes have been removed, is translated into the Env proteins (Figure 1). The translation takes place on the rough endoplasmatic reticulum in the cytoplasma. For complex retroviruses, different splice products are produced, resulting in additional transcripts that are translated to regulatory proteins, some of which works as transacting factors at the LTR, e.g. TAT (transacting regulatory protein) in HIV-1. 

2.1.5 Assembly and release of new virions

As the Gag, Gag-Pro-Pol and Env proteins are translated, they are trafficked to the cellular membrane and the assembly of new virions starts (Figure 2). Gag, Gag-Pro-Pol and Env proteins are incorporated into the virion together with the RNA genome and host derived tRNAs. Immature virions are eventually pinched off from the cell and released into the extracellular space. The virions rearrange their core as the viral protease release the individual proteins from the polyproteins resulting in mature particles ready for the next infection cycle.   

2.2 Murine leukemia retroviruses 

MLVs include both endogenous and exogenous retroviruses and are classified as simple gammaretroviruses. Different subtypes have unique host range; some specifically infect mice, other infect species different from mice, while others again infect both groups [Eiden et al., 2010]. In mice, MLV infection induces either lymphomas or leukemia in the host [Pedersen et al., 1982].

Members of the MLVs include among others, Akv and SL3 viruses. SL3-1,SL3-2, SL3-3 and Akv both originate from the AKR mice, a mouse strain which is chronically infected with replication competent endogenous MLVs and has a high incidence of spontaneous leukemias. The Akv virus has been isolated directly from the AKR mouse strain [Rowe and Pincus, 1972], while the SL3 viruses were isolated from the SL3 cell line, a T-cell line that had been established from a spontaneous tumor derived from an AKR mouse (this cell line is also termed AKSL3) [Pedersen et al., 1982]. 

SL3-1 is not as pathogenic as SL3-3 and SL3-2 has a different env gene than SL3-1 and SL3-3. SL3-3 is the SL3 virus that most closely resembles the Akv MLV at the sequence level [FS Pedersen, personal communication].  

The coding sequences for Akv and SL3-3 are very similar with a 1-2% difference; the greatest difference is found in the env genes, while they differ only slightly in the gag and pol genes [Pedersen, 1982]. Despite the high sequence similarity in the viral genes, the disease pattern is highly different; SL3-3 induces strictly T-cell lymphomas in laboratory mice and the pathology leads to e.g. enlargement of the thymus, spleen, mesenteric lymph nodes, peripheral lymph nodes, liver and kidney (the involved organs differs for mouse strains) [Lenz et al., 1982]. SL3-3 induces lymphomas within two to four months after infection [Pedersen et al., 1982 and Lenz et al., 1982]. 

In contrast, Akv is only weakly leukemogenic in mice [Cloyd et al, 1980]. Akv  primarily induces B cell lymphomas and in few cases T cell lymphomas with a latency of about twelve months. The affected tissues are spleen, lymph nodes and partly also the liver and kidney [Lovmand et al., 1998]. The difference in disease pattern and tissue specificity in expression of Akv and SL3-3 is due to variations in the two viruses U3 enhancer sequences located in the noncoding LTRs [Celander and Haseltine, 1984 and Lenz et al., 1984].

2.2.1 The enhancer and promoter elements of MLVs

Overall, the LTRs of SL3-3 and Akv are of similar size and organized in the same way (Figure 3). Some parts are conserved in the two different LTRs e.g. the sequence segments that encode the transcriptional promoter and the signals for polyadenylation [Lenz et al.,1984]. The U3 promoter elements consist of a TATA box and a CCAAT box [Graves et al., 1985]. Upstream of the tandem repeats, the LTRs only differ at a single nucleotide; the SL3-3 sequence has an A nucleotide inserted 65 nucleotides from the LTR's 5' end [Lenz et al.,1984]. 
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Figure 3: Schematic representation of the SL3-3 and Akv LTR regions with focus on the tandem repeats located in the enhancer in the U3 region. The repeats are represented by hatched boxes. In SL3-3 they have the sizes of 34, 72 and 72 basepairs, while in Akv they are 99 and 99 bp.  The Akv1-99 LTR only contains one of these repeats. The enhancer regions contain nuclear factor binding 1 (NF1) sites, glucocorticoid response elements (GRE) besides binding sites for AML1, Ets, E-box and Myb. The position of the CGG to ATT mutation at the NF1 site in the SL3-3 LTR is indicated: CGG is underlined and ATT is in bold letters. Furthermore, the annealing sites and orientation of viral specific primers (V440, MHR#140 and V2620) used in this study are indicated. As V440 and MHR#140 are located in the region upstream of the repeats they are complementary to both the SL3-3 and Akv LTRs, although only shown for the SL3-3 LTR. Modified from Ejegod et al., 2009 and Sørensen et al., 2005.

In contrast, the U3 tandem repeats that are packed with transcription factor binding sites are highly different. In the Akv LTR, these repeats consist of two identical 99 base pairs (bp) regions, while in SL3-3 they consist of two 72 bp repeats and upstream of these a third copy that only contain the first 34 bp (Figure 3). Although these differences are significant similarities are still found between the repeats of the two viruses. The SL3-3 repeat is related to the Akv repeat by two deletions, an insertion, three single base changes and a tandem duplication [Lenz et al.,1984]. 

The U3 enhancers of SL3-3 and Akv contain multiple binding sites for different cellular transcriptional activator proteins. The enhancer elements are able to stimulate or repress transcription from the viral promoter in an orientation independent manner. The role of each element varies, some are important for pathogenesis, while others are important for high transcriptional expression. These binding sites include E-boxes, glucocorticoid response elements (GRE), nuclear factor 1 (NF1) sites, AML1 (Runx) sites, Ets sites and a single c-myb binding site (only in SL3-3) [Ejegod et al., 2009] (Figure 3). In this project, the focus in on the GRE and NF1 sites.

2.2.1.1 Glucocorticoid mediated activation of the GRE elements in the LTR 

Transcription from the Akv and the SL3-3 LTRs has been found to be activated upon stimulation of the GRE elements with the synthetic glucocorticoid, dexamethasone (dex). Dex interacts with the glucocorticoid receptor (GR) which is ubiquitously expressed in cells and normally participate in regulation of development, metabolism and immune response, together with a long array of other transcription factors. The dex-GRE complex binds to the viral GRE elements and stimulates transcription from the LTR. The pattern of regulation varies according to cell type [Celander et al., 1988; Celander and Haseltine, 1987; Duch et al., 1993; Nielsen et al., 1994; Ejegod et al., 2009].

The glucocorticoid binding site in Akv and SL3-3 has the consensus sequence 5'-AGAACAGATGG-3'. There are two copies in the Akv U3 and three in the SL3-3 U3 (Figure 3) [Celander et al., 1988]. The GRE elements overlaps E-box elements, which are bound by basic helix-loop-helix transcription factors  [Nielsen et al., 1996]. 

Although the GRE elements are identical, the sequences flanking the elements and the location of the GRE sites differs for the two viruses [Celander et al. 1988]. Deletion studies have shown that the 5' region immediately upstream of the GRE elements and the sequences that lie between the GRE elements contributes to the induced level of transcription in the presence of dex [Celander et al. 1988].

The basal noninduced level of expression has also been found to be important for the induction level, showing an inverse correlation [Duch et al., 1993]. It might be that a low noninduced transcription level will be easier induced than an already high transcription level in noninduced cells. This could be explained by rate-limiting formation of transcription complexes at the promoter and suggest that other transcription factors interact with the GRE element [Celander et al. 1987]

Transcription from the Akv and SL3-3 LTR is induced to varying degrees with dex and the level of activation has been found do be highly distinct in different cell types. The transient transfection studies described below are all compiled in Table 1. In murine T lymphoid cells (L691), the Akv LTR transcription level has been found to be induced five fold in the presence of dex in transient transfection, while no effect has been seen for the SL3-3 LTR in stable integration. However, the basal level of SL3-3 expression was higher than the dex induced Akv expression [Duch et al., 1993]. 

Likewise, Akv expression was found be induced five fold by dex in murine T cells (AKSL3), whereas no dex effect was seen for the SL3-3 LTR expression in transient transfections. However, again the non induced level of SL3-3 expression was high. The ability of the LTRs to be induced was also investigated in stable transfection, and the induced levels was similar to what was seen in the transient transfection expression experiments [Celander and Haseltine, 1987 and Celander et al. 1988].

Basal SL3-3 expression in T cells has previously been found to be high, compared with Akv [Celander and Haseltine 1984] and as SL3-3 leads to the development of T cell lymphomas [Pedersen et al., 1982], it is not surprising that the noninduced expression from the SL3-3 LTR was found to be high in T cells [Celander and Haseltine, 1987], and that no further dex induction was possible. This explains SL3-3's T cell tropism and leukaemogenic potential. 

Furthermore, the basal expression level of Akv in human epithelia cells (HeLa) has been found to be six fold higher than for SL3-3 in transient transfection studies. However, when inducing transcription with dex, similar levels of Akv and SL3-3 expression were observed in HeLa cells as the Akv LTR was found to be induced six fold by dex, while for SL3-3 it was 24 fold (Table 1).[Celander and Haseltine, 1987]. 

However, subsequently another study showed that dex induced the transcription of the SL3-3 LTR in HeLa cells only four fold (Table 1) [Corneliussen et al., 1991]. In both of these studies the transfection of the SL3-3 LTR was transient, however different reporters for the LTR expression were used. This indicates that the activation of the GRE elements varies in different reporter systems. Also, while the complete U3 sequence was inserted in the reporter system giving the 24 fold induction [Celander and Haseltine, 1987], the reporter system giving four fold induction had only the 34 + 72 repeat inserted (a complete repeat was deleted) [Corneliussen et al. 1991]. This could very well contribute to the observed difference.     

In murine fibroblasts (NIH-3T3) dex induction of the SL3-3 LTR has shown to increase transcription four fold [Ejegod et al., 2009] and  two fold for the Akv LTR [Nielsen et al., 1994] in transient transcription. Furthermore, the basal level has been shown to be three fold higher for Akv expression in NIH-3T3 cells compared to SL3-3 [Celander and Haseltine, 1984]. 

It has also been shown that dex induces the transcription from the enhancer in an orientation independent manner (in both sense and antisense direction) in HeLa cells transfected with a construct containing the U5 repeats downstream of an SV40 promoter, where the repeats were in either forward or inverse orientation. For Akv, the noninduced level was twice as high for the sense enhancer compared with the antisense enhancer, while for SL3-3 the levels were similar. Furthermore, for Akv the fold of dex increased expression was similar in sense and antisense orientation, while for SL3-3 the level was considerably higher for the sense enhancer [Celander and Haseltine, 1987].  

The studies that have been summarized above all have shown that dex either has a positive or neutral effect on the expression from the SL3-3 and Akv LTRs. Furthermore, a positive effect has also been seen for other gammaretroviral LTRs from e.g. the mouse mammary tumor virus (MMTV) [Hsu et al., 1988] and Moloney murine sarcoma virus (MoMSV) [Miksicek et al., 1986]. Therefore, dex can be used in studies to obtain a high level of expression from the MLV LTRs.

However, in general binding of the glucocorticoid receptor to GRE elements can cause either gene transactivation or gene transrepression. In regulation of human genes, dex has been seen to exert either positive or negative effect on transcription [Reddy et al., 2009 and De Bosscher and Haegeman, 2009].

	LTR
	Cell line 
	Cell type
	LTR expression*
	Ratio
	Hours
	Reporter
	Reference

	
	
	
	- Dex
	+ Dex
	
	
	
	

	SL3-3
	HeLa
	Human epithelia cells
	0.5
	12.0 
	24.0
	24
	pSU3CAT
	Celander and Haseltine, 1987

	
	HeLa
	Human epithelia cells
	100
	400
	4.0
	N/A
	pESG134
	Corneliussen et al. 1991

	
	AKSL3
	Murine T cells
	16.3
	16.0
	1.0
	24
	pSU3CAT
	Celander and Haseltine, 1987

	
	NIH-3T3
	Murine fibroblast
	N/A
	N/A
	4.0
	24
	pN.SL3-3(wt)CAT 
	Ejegod et al., 2009

	Akv
	HeLa 
	Human epithelia cells
	2.7
	15.8
	5.8  
	24
	pAU3CAT
	Celander and Haseltine, 1987

	
	AKSL3 
	Murine T cells
	3.8
	18.7
	4.9
	24
	pAU3CAT
	Celander and Haseltine, 1987

	
	NIH-3T3  
	Murine fibroblast
	100.0
	205.0
	2.1
	24
	pAkv6CAT
	Nielsen et al., 1994 

	
	L691 
	Murine T-cells
	N/A
	N/A
	4.8
	4
	pAkv6CAT
	Duch et al., 1993


Table 1: Activation of the SL3-3 and Akv LTRs by the synthetic glucocorticoid dexamethasone. Transient expression studies have been done with several different reporter systems and in four different cell lines. The basal level of expression and the induced level of expression is shown. For all experiment a concentration of 1 mM dex was used and expression was investigated four to 24 hours later. In the pAU3CAT and pSU3CAT constructs the full U3 sequence from either the Akv or the SL3-3 LTR has been placed in front of the CAT gene [Celander and Haseltine, 1984]. The pESG134 has the U3 of SL3-3 with a complete repeat deleted inserted in front of the SV40 promoter and the coding sequence of the rabbit b-globin gene [Hallberg and Grundström, 1988]. The pN.SL3-3(wt)CAT construct has the complete LTR sequence of SL3-3 (expect the 11 first nucleotides of the U3) inserted in front of the CAT reporter gene [Ejegod et al., 2009]. The Pakv6CAT construct contains a complete Akv LTR region surrounded by flanking sequences from the  3' and 5' ends linked to a CAT reporter. [Lovmand et al., 1990]. *The expression was either measured at the RNA or protein level. N/A, not available. Compiled by the author.

2.2.1.2 Activation or repression of expression from the LTR by binding of NF1

Nuclear Factor 1 factors binds to the NF1 sites as homo- or heterodimes and works as transcriptions factors. A number of different complexes can be formed as there is several splice variants of the four NF1 family genes. The presence of NF1 sites in the LTRs of SL3-3, Akv and other gammaretroviruses has been found to be important for regulation of viral transcription. The NF1 elements have two opposite functions: one being a negative regulator of transcription in murine T cells (Table 2) and the other being a positive regulator in several different cell lines (Table 2).

The NF1 site in the enhancer of SL3-3 and Akv has the consensus sequence 5'CCGGC(N5)GCCAA-3'. The LTR of SL3-3 has three NF1 sites, while Akv has four NF1 sites (of which only the NF1 site 2 follow the consensus) (Figure 3) [Nilsson et al., 1989; Ethelberg et al., 1997; Ethelberg et al., 1999; Sørensen et al., 1995; Olsen et al, 1990; Speck et al., 1990].

Mutating the CGG to ATT at NF1 sites (Figure 3) has been shown to completely abolish binding of NF1 [Nilsson et al., 1989]. The effect on transcription level upon the CGG to ATT mutation has been found to differ widely in different cell types and result in either an enhanced or repressed LTR expression level (Table 2) [Nilsson et al., 1989; Ethelberg et al., 1997; Ethelberg et al., 1999; Olsen et at., 1990; Sørensen et al., 2005]. 

In the following review of NF1 mutation studies in the SL3-3 LTR, mutation of the NF1 sites refers to the CGG to ATT mutation and all studies were transient transfections. All studies are listed in table 2.

The SL3-3 LTR, with all three NF1 sites mutated, has been shown to have a two fold higher expression than the wild type in murine T cells (L691). Another similar construct where only one NF1 site had been mutated gave almost as large an increase [Ethelberg et al., 1997]. 

In murine plasmacytoma B-cells (MPC11) the expression from the SL3-3 LTR did not change when mutating the central NF1 site, however when mutating all three NF1 sites the transcription was decreased two fold compared to the SL3-3 wild type LTR [Ethelberg et al., 1997]. However, it was found that mutating the NF1 sites lowered the SL3-3 enhancer strength dramatically in osteoblastic cell lines (MC3T3, MB1.8 and KM1/K3) and that the mutation of NF1 sites were additive in these cells [Ethelberg et al., 1999]. 

The SL3-3 LTR with the NF1 mutations (and with a complete repeat deleted), has been shown to have an expression level in Hela and BALENTL 13 cells similar to wild type, while expression was shown to decrease approximately two fold in three other cells lines, EL-4, CTL and J558L compared to wild type (BALENTL is a mouse T helper cell line, EL-4 is a mouse T helper cell lymphoma, CTL is a monoclonal cytotoxic mouse T cell line and J558L is a mouse myeloma) (Table 2) [Nilsson et al., 1989]. 

Furthermore, the SL3-3 LTR with all three NF1 sites mutated has been found to have a five fold lower expression in NIH-3T3 cells compared to wildtype, while the SL3-3 LTR with a single NF1 mutation was found to have a transcriptional level similar to wild type (Table 2) [Ethelberg et al., 1997].

The SL3-3 NF1 sites have also been found to be important for dex regulation in HeLa cells [Nilsson et al., 1989]. The high dex induction found in HeLa cells in other studies [Celander and Haseltine, 1987 and Corneliussen et al. 1991] was not obtained when mutating the three NF1 sites in the SL3-3 LTR, in contrast dex had no effect [Nilsson et al., 1989]. It seems at least in HeLa cells that the NF1 sites are essential for a glucocorticoid response.  

Mutating the NF1 sites in Akv has also shown to abolish binding of NF1 [Olsen et at., 1990]. As for SL3-3, the NF1 sites in Akv have been found to regulate transcription from the Akv LTR in a highly cell dependent manner resulting in either strong stimulation or moderate repression (Table 2). Mutating the sites have been found to be largely additive [Sørensen et al., 2005]. In murine plasmacytoma B-cells (MPC11), human pre-B-cells (NALM6) and murine osteoblastic cells (MC 3T3 and KM1/K3), mutating the NF1 sites was found to decrease expression, with the strongest effect in osteoblastic cells in transient transfection (Table 2) [Sørensen et al., 2005]. 

Mutation of the Akv NF1 sites were also found to moderately increase transcription in L691 T cells [Sørensen et al., 2005] and decrease expression in NIH-3T3 cells [Olsen et at., 1990] in transient transfection studies, as seen for SL3-3 (Table 2) [Ethelberg et al., 1997 and Ethelberg et al., 1999].

	LTR
	Cell line
	Expression*
	Reporter
	Reference

	
	
	WT
	NF1 mutant
	Effect
	
	

	SL3-3
	L691
	100
	203 / 218  
	Increased
	pSL3(1mNF1)cat / pSL3(3mNF1)cat
	Ethelberg et al., 1997

	
	NIH3-3T3
	100
	102 / 17
	Decreased
	pSL3(1mNF1)cat / pSL3(3mNF1)cat
	Ethelberg et al., 1997

	
	MPC11
	100
	107 / 59
	Decreased
	pSL3(1mNF1)cat / pSL3(3mNF1)cat
	Ethelberg et al., 1997

	
	MC3T3
	100
	23 / 4.9
	Decreased
	pSL3(1mNF1) / pSL3(3mNF1)
	Ethelberg et al., 1999

	
	KM1/K3
	100
	50 / 6.3
	Decreased
	pSL3(1mNF1) / pSL3(3mNF1)
	Ethelberg et al., 1999

	
	MB1.8
	100
	38 / 4.6
	Decreased
	pSL3(1mNF1) / pSL3(3mNF1)
	Ethelberg et al., 1999

	
	HeLa
	100
	76
	Decreased**
	pESG130
	Nilsson et al., 1989

	
	EL-4
	100
	54
	Decreased
	pESG130
	Nilsson et al., 1989

	
	BATENTL
	100
	88
	Decreased**
	pESG130
	Nilsson et al., 1989

	
	CTL
	100
	39
	Decreased
	pESG130
	Nilsson et al., 1989

	
	J558B
	100
	63
	Decreased
	pESG130
	Nilsson et al., 1989

	Akv
	L691
	193
	150 / 205 / 318
	Increased
	p1-99(m1)-cat / p1-99(m2)-cat / p1-99(dmNF1)-cat
	Sørensen et al., 2005

	
	NIH-3T3
	40
	8.9 / 6.8 / 14 / 4.8
	Decreased
	pM1 / pM2 / pM3 / pM4
	Olsen et al., 1990

	
	NIH-3T3
	52
	12 / 15 / 5
	Decreased
	p1-99(m1)-cat / p1-99(m2)-cat / p1-99(dmNF1)-cat
	Sørensen et al., 2005

	
	MPC11
	101
	24 / 28 / 16
	Decreased
	p1-99(m1)-cat / p1-99(m2)-cat / p1-99(dmNF1)-cat
	Sørensen et al., 2005

	
	MC3T3
	65
	9 / 5 / 2
	Decreased
	p1-99(m1)-cat / p1-99(m2)-cat / p1-99(dmNF1)-cat
	Sørensen et al., 2005

	
	KMJ/K3
	26
	2 / 3 / 1
	Decreased
	p1-99(m1)-cat / p1-99(m2)-cat / p1-99(dmNF1)-cat
	Sørensen et al., 2005

	
	NALM6
	41
	23 / 23 / 10
	Decreased
	p1-99(m1)-cat / p1-99(m2)-cat / p1-99(dmNF1)-cat
	Sørensen et al., 2005


Table 2: The effect on expression level from the SL3-3 and Akv LTRs by mutation of the NF1 enhancer elements. Transient expression experiments have been done with several different reporter systems and in 12 different cell lines. The effect on the LTR's expression level when mutating the NF1 sites is either positive, negative or neutral. *Expression was measured at RNA or protein level. **The data for SL3-3 for HeLa cells and BATENTL cells  has been described as being not significant [Nilsson et al., 1989]. 

The pSL3(3mNF1)cat and pSL3(1mNF1)cat construct contains the full SL3-3 LTR sequence in front of a CAT reporter gene.  pSL3(3mNF1)cat have all NF1 sites mutated from CGG to ATT, while pSL3(1mNF1)cat is only mutated at the central NF1 site [Ethelberg et al., 1997]. The pESG130 contains the U3 of SL3-3 with a complete repeat deleted inserted in front of the SV40 promoter and the coding sequence of the rabbit b-globin gene, the two remaining NF1 sites are mutated from CGG to ATT. This vector is a derivative of pESG134 [Hallberg and Grundström, 1988]. The pSL3(3mNF1) and pSL3(1mNF1) constructs contain the full SL3-3 LTR sequence in front of a CAT reporter gene. pSL3(3mNF1) have all NF1 sites mutated from CGG to ATT, while pSL3(1mNF1) is only mutated at the central NF1 site [Ethelberg et al., 1999]. pM1, 2, 3 and 4 contain a complete Akv LTR with only one 99 bp repeat in which the NF1 site 1 was mutated at different nucleotides at the consensus sequence (pM3 was mutated at a site less critical), while the NF1 site 2 was unchanged. The LTR was placed in front of a CAT gene. pM2 and pM4 completely abolish binding, pM1 leads to some reduction while pM3 only has a minor effect [Olsen et al., 1990]. p1-99(m1)-cat is identical to pM1 while p1-99(m2)-cat has mutations in the second NF1 site only [Lovmand, 1996]. p1-99(dmNF1)-cat has mutations at both NF1 sites [Sørensen et al., 2005]. Compiled by the author.

In summary, the NF1 mutation studies for the Akv and SL3-3 LTRs shows the same tendency: the NF1 elements have two opposite functions in being a negative regulator of transcription in murine T cells (L691) and being a positive regulator of transcription in several different cell lines (Table 2). As NF1 is a positive regulator of the LTRs in most cells, mutation of the NF1 sites can be used in studies where a low level of viral expression is favourable. 

2.3 Integration preferences of retroviruses 

Integration of proviruses was originally thought to be totally random as integrations are distributed throughout the genome of the target host cell. However, the last few years it has been shown that each retroviral group has unique preferences to integration at particular sites in the genome: lentiviruses, as HIV-1, favours active transcription units, alpharetroviruses and deltaretroviruses display weak preferences for transcription units and CpG islands, betaretroviruses show no preferences but integrates randomly in the host genome, and spumaviruses, endogenous retroviruses (HERV class II) and gammaretroviruses prefer transcription start sites and CpG islands associated with host gene promoters [reviewed in Desfarges and Ciuffi, 2010].

Little is known about how this selection takes place in vivo, but some regions have been found to be favoured several hundred times over others [Kitamura et al., 1992 and Winthers-Ward et al., 1994].  

MLV integration is specifically favoured near the promoter region of genes, either upstream or downstream of transcription start sites [Wu et al, 2003 and Mitchell et al., 2004]. 20% of integrated MLV proviruses are found within a window of two kilo bases surrounding the transcription start sites [Wu et al, 2003 and Mitchell et al., 2004]. However, no specific local sequence preference has been found for MLVs [Santoni et al., 2010]. 

The tendency of MLVs to integrate near genes is an important factor in insertional mutagenesis, as this increases the likelihood of a single integration event to accidentally disrupt or activate expression of a target host gene. This have received a lot of attention as MLVs have been used as retroviral vectors for gene therapy [Hacein-Bey-Abina et al., 2003]. 

2.3.1 Ccnd3 as a target gene and implications in tumorigenesis

The Ccnd3 gene encodes the protein cyclin D3. In total three D cyclins D1, D2 and D3 are present in mammalian cells, each encoded by their own gene locus. The D cyclins bind and activate their associated cyclin-dependent kinases (CDK4 and CDK6) which is a required step for cells progression into the S-phase of the cell cycle (G1/S transition). Cyclin D3 is the cyclin D that has been investigated the least, although it is the most widely expressed, whereas cyclin D2 shows a restrict pattern of expression and D1 an intermediate [Bartkova et al., 1998]. Ccnd3 has been found to be rearranged or over-expressed (with viable frequency) in several types of human cancers including lymphomas and has been suggested to behave as a proto-oncogene [Hedberg et al, 2002; Metcalf et al.,2010;  Fu et al., 2005 and Møller et al., 2001]. 

In murine tumors, Ccnd3 has been found to be a prevalent target gene for MLVs [Pedersen FS, unpublished data]. Multiple mRNA are transcribed from the murine Ccnd3 locus, however only a single protein has been described, Ccnd3 that consist of 292 amino acids [NCBI, Gene Bank].

2.4 Oncogenicity of retroviruses 

Although most retroviruses are benign, some retroviruses are able to cause disease when infecting their host. The type of disease is highly variable and includes immunodeficiencies, neurological disorders, and both non-malignant and malignant tumor growth. [Pedersen and Sørensen, 2010]. 

Oncogenic retroviruses are divided into three classes depending on the mechanism of tumorigenesis in animals, transacting, acute-transforming and slow-transforming retroviruses [Pedersen and Sørensen, 2010]. 

The two groups, transacting and acute-transforming retroviruses cause polyclonal tumor growth within days or weeks after infection of the host. Transacting retroviruses, e.g. human T-cell lymphotropic virus type 1 (HTLV-1), carry a viral gene that is directly implicated in the tumorigenesis, while acute-transforming retroviruses carry a host-derived oncogene [Pedersen and Sørensen, 2010]. 

The third group is termed slow-transforming retroviruses and includes the SL3-3 and Akv viruses. These viruses work as insertional mutagens and induce mono- or oligoclonal tumors. The slow transforming retroviruses do not carry genes that are directly implicated in the process of tumorigenesis. Instead, the integration of proviral DNA works as insertional mutagens with the potential to cause deregulation of neighbouring genes. This is termed proviral insertional mutagenesis, while the affected gene is known as the target gene [Pedersen and Sørensen, 2010]. 

2.4.1 Proviral insertional mutagenesis 

When a host animal is infected with retrovirus, an enormous number of cells will eventually be infected. Cells can be infected repeatedly, resulting in multiple integrations in a cell, where each integration event constitutes a new acquired mutation [Reviewed in Uren et al., 2005]. 

The majority of proviruses that integrates near a target genes and influences its expression, only generates a recessive mutation and do not cause a significant change in the total level of expression. Occasionally, the provirus integrates at a site where it interferes with and alters the expression of a proto-oncogene or disrupts the expression of a tumorsuppressor gene to such an extent that it behaves as a proto-oncogene, thereby potentially altering the physiology of the cell [Uren et al., 2005]. Mutation of a target gene by a provirus can result in an enhanced level of normal target gene transcript, the production of chimeric transcripts or truncated target gene transcripts. Chimeric transcripts are fusion transcripts, where one part of the sequence is derived from the virus and the second part is derived from the target gene [Pedersen and Sørensen, 2010, Rasmussen et al., 2010]. 

The proviral induced changes in expression can lead to cellular proliferation and thereafter tumor growth [Uren et al., 2005]. 

The potent proviral enhancer and promoter elements are responsible for the mutagenic nature of the slow-transforming retroviruses and the mutagenesis can occur by several different mechanisms depending on the position and orientation of the integrated provirus relative to a target gene. In the following section, six different mechanisms are described; 1) Promoter insertion, 2) Read-through activation, 3) Enhancer insertion, 4) Premature transcript termination, 5) Inactivation and 6) Antisense (AS) transcription (Figure 4) [Uren AG et al., 2005 ; Pedersen and Sørensen, 2010, Rasmussen et al., 2010]. As AS transcription is the mechanism investigated in this project, the first five types will be only be described shortly below.
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Figure 4: Examples of retroviral insertional mutagenesis. The upper part of the figure shows a cellular target gene with four exons. The unprocessed mRNA transcribed from this gene is depicted below the gene. 

1-6) Insertion of provirus in target gene. 1) Promoter insertion: The 3' LTR of a provirus, inserted in the same transcriptional orientation as the target gene initiates transcription resulting in a chimeric viral/host transcript. 2) Read-through activation: The 5'  LTR of a provirus, inserted in the same transcriptional direction initiates transcription, the polyA site in the 3' LTR is subject to read-though causing the transcription to proceed into the target gene, resulting in a chimeric transcript. 3) Enhancer insertion: The 5' LTR of a provirus, inserted downstream of the target gene, induces expression from the target gene's promoter through an enhancer effect. 4) Premature transcript termination: A provirus inserted in the 3' end of the gene results in truncation of the mRNA, as the viral poly-A signal terminates the transcript. 5) Inactivation of transcription: Insertion of the provirus causes serious truncation of the host mRNA, resulting in a non-functional mRNA. 6) AS transcription: A provirus, inserted in the opposite transcriptional direction relative to the target gene, induces AS transcription from the 5'LTR resulting in a chimeric transcript. Light blue boxes, non-coding exons; dark blue boxes, coding exons; lines, introns; green boxes, viral LTR; grey boxes, protein coding part of the provirus. Black arrows indicate the direction of standard viral transcription Original figure made by the author. 

1,2) In promoter insertion and read-through activation, the provirus is integrated either upstream or within the 5' terminal of a target gene in the same transcriptional orientation as the target gene locus. In promoter insertion, transcription initiated from the promoter in the 3' LTR continues into the host target gene (Figure 4.1 and 4.2). In read-trough activation, transcription initiated in the 5' LTR promoter continues into the target gene by read-through of the polyA signal located in the 3' LTR (Figure 4.2). In both cases the mutagenesis results in chimeric transcripts; the 5' end of the mRNA will be of viral origin, while the 3' end will be of host gene origin. These chimeric transcripts can potentially encode novel chimeric proteins [Pedersen and Sørensen, 2010]. 

3) In enhancer insertion, the provirus is inserted either upstream or downstream of a gene, in either orientation. From this undefined position, the proviral LTR is able to effect expression of the cellular gene by inducing transcription from the cellular promoter and a higher level of normal transcripts will result (Figure 4.3) [Pedersen and Sørensen, 2010].

4) In premature transcript termination, the provirus is inserted in the coding sequence of a target gene upstream of the cellular polyA signal, resulting in use of the polyA signal in the viral 5' LTR (Figure 4.4). This can truncate the cellular protein’s C-terminal and/or remove important regulations sites present in the 3' UTR of the mRNA transcribed from the target gene. 5) Integration of provirus can also completely inactivate cellular genes (Figure 4.5) [Pedersen and Sørensen, 2010]. 

2.4.1.1 Antisense transcription

Retrovirus induced AS transcription has been found to occur when the provirus is inserted in the opposite orientation compared to the target gene, also termed “enhancer orientation” (Figure 4.6). In figure 4, AS transcription is initiated in the 5' LTR and continues into the downstream target gene locus, resulting in chimeric transcripts. As the transcriptional direction from the LTR is opposite from the usual viral transcription, the mechanism is called AS transcription [Rasmussen et al., 2010]. If AS transcripts are translated to proteins the result will be synthesis of a higher level of normal protein, chimeric protein or N-terminally truncated protein, depending on the exact integration site of the provirus (In Figure 4.6, translation of the depicted chimeric transcript will produce an N-terminally truncated protein, as the start codon is located in exon 1). 

AS transcription is also produced by the following complex retroviruses, HTLVs, HIV-1 and feline immunodeficiency virus (FIV), which are not slow transforming retroviruses. In these viruses the AS transcription has been found to be initiated in the 3' LTR and transcription reads into the viral genome instead of into the host genome as seen for slow transforming MLVs [Landry et al., 2007; Cavanagh 2006]. However, other characteristics of AS transcription might be shared between the complex retroviruses and the MLVs.

Antisense transcription in HTLVs, HIV-1 and FIV

The general view on retroviral gene expression has been that it is entirely dependent on a single transcript, which is either unspliced or spliced (in one or multiple versions). However, for many years it has been suggested that additional viral transcripts of AS origin are present in infections with complex retroviruses such as HIV and HTLV-1 since open reading frames were found in the negative strand of the viral genome [Miller, 1988; Larocco et al., 1989]. However, the existence of these transcripts and their potential for leading to synthesis of proteins have been highly debated and contested until recently [Gaudray G et al., 2002, Cavanagh et al. 2006; Murata et al., 2006; Ludwig et al., 2006 and Landry et al., 2007]. 

The HTLV-1 virus has been examined the most in relation to AS transcription and the presence of AS transcripts has now been conclusively demonstrated in an array of infected cell lines and in peripheral blood mononuclear cells (PBMCs) from HTLV-1 infected patients [Gaudray G et al., 2002, Cavanagh et al. 2006; Murata et al., 2006; Ludwig et al., 2006]. Viral AS transcription has also been shown to occur in infections with several other complex retroviruses including the deltaretroviruses; HTLV-2, HTLV-3 and HTLV-4 and the lentiviruses; FIV and HIV-1. Transcription initiation sites have been mapped to the 3' LTR and AS transcription has been found to proceed though the viral genome. The importance and function of these transcripts is now being clarified. [Clerc et al., 2011; Halin et al., 2009, Larocque et al., 2011 and Briquet et al. 2001].   

Common features of AS transcription in HTLV-1:

I. AS transcripts have been detected in cells transfected or infected with HTLV-1 and in cells from individuals infected with HTLV-1

II. AS transcripts are initiated in the R region and in the U5 of the 3' LTR

III. AS transcripts have been found to be processed by polyadenylation and splicing

IV. AS transcripts are translated to the HTLV-1 basic zipper transcription factor (HBZ) protein which have been detected in cells transfected or infected with HTLV-1 and in cells isolated from HTLV-1 infected patients

V. Studies indicates that HBZ has important roles in the expression, regulation and pathogenesis of HTLV-1

In HTLV-1 transfected cells, AS transcripts start sites have been mapped at several sites distributed throughout most of the R and U5 region of the 3' LTR, except the terminal end of U5. Furthermore, AS RNA have been found to be either unspliced or spliced giving two major RNA variants in transfected and infected cells (plus an additional minor splice variant) [Cavanagh et al., 2006 and Usui et al., 2008]. The major splice variant has been found to be the most abundant AS RNA, estimated to be four fold more abundant than the unspliced RNA transcripts [Usui et al., 2008]). The major splice variant is present in cells from almost all HTLV-1 infected individuals, while present in all adult T cell leukemia (ATL) cells [Saito et al., 2009; Cavanagh et al., 2006 and Usui et al., 2008]. In addition to splicing, HLTV-1 AS transcripts have also been found to be polyadenylated at a consensus site in both transfected and infected cells [Cavanagh et al. 2006 ]. Furthermore, transfection studies where the sense transcription in HTLV-1 was knocked down indicated that sense transcription impedes AS transcription [Cavanagh et al., 2006]. 

The major splice variant and the unspliced AS RNA are translated to two HBZ isoforms only differing by few nucleotides. Both isoforms are expressed in transfected cells [Cavanagh et al. 2006 and Gaudray et al., 2002]. HBZ has been detected in HTLV-1 infected T cells and in transfection studies the protein has been found to exhibit a granular distribution in the nucleus, indicating that it is a nuclear protein. Furthermore, both isoforms of HBZ have been found to inhibit Tax activated expression in transfection studies, among other functions [Gaudray et al., 2002 and Cavanagh et al. 2006]. HBZ has also been found to be expressed in the majority of ATL cells from HTLV-1 infected patients [Satou et al., 2006]. Studies indicates that the HBZ protein is important in HTLV-1 replication, regulation and pathogenesis  [reviewed in Matsuoka, 2010].  

Common features of AS transcription in HIV-1:

I. AS transcripts have been detected in cells transfected or infected with HIV-1 

II. AS transcripts are initiated in the 5' end of U3 and in env and nef gene regions

III. AS transcripts have been found to be processed by polyadenylation but not spliced

IV. AS transcripts are translated to the ASP (antisense protein), a highly hydrophobic membrane protein

In HIV-1, AS transcripts have been detected in several transfected and infected cell lines [Ludwig et al., 2006 and Laundry et al., 2007]. In transfected cells, these transcripts were found to be initiated at several sites in the 5' end of U3 in the 3' LTR and in the env and nef gene regions. Furthermore, these transcripts were found to be polyadenylated at a novel consensus polyadenylation signal. Transfection studies also indicated that the AS transcription was upregulated by T-cell activators and the viral protein Tat. The level of AS transcription was found to be 30 to 1000 fold lower than sense transcription in cells infected with constructed virions [Laundry et al., 2007]. 

Recently, the synthesis of the ASP from the HIV-1 AS transcript was clearly demonstrated in transfected T cell and T cells infected with virions, where ASP had been linked to an epitope [Clerc et al., 2011]. Previously, an ASP protein has also been detected in HIV-1 infected individuals [Ludwig et al., 2006]. 

ASP has been predicted to be a hydrophobic transmembrane protein and recent infection studies showed that the ASP is localized at the plasma membrane  [Clerc et al., 2011], although earlier experiments have shown that it is localized at all cellular membranes [Briquet et al., 2002]. No function has yet been assigned to ASP. However, recent transfection studies indicates that ASP has a function in downregulating the production of extracellular p24 (an indicator of HIV progression) [Clerc et al., 2011]. 

Common features of AS transcription in HTLV-2, HTLV-3 and HTLV-4:

I. For HTLV-2, AS transcripts have been detected in transfected or infected cells and in HTLV-2 infected individuals. For HTLV-3 and 4, AS transcripts have only been detected in transfected cells

II. For all three viruses, the transcripts have been found to be initiated at multiple sites in the 3' LTR and proceeds into the viral genome

III. AS transcripts have been found to be spliced and polyadenylated  

IV. AS transcripts are translated to the APH-2, APH-3 and APH-4 (antisense protein of HTLV 2, 3 and 4)

V. The APH-2, 3 and 4 proteins share functional similarities with the HBZ protein of HTLV-1 

The AS transcripts produced by HTLV-2, 3 and 4 have been examined in transfected cells where they were found to be initiated at several sites in the R and U5 region of the 3' LTR. Furthermore, the AS transcripts were shown to be polyadenylated at a typical consensus polyadenylation signal and they were spliced [Halin et al 2009; Larocque et al., 2011]. The HTLV-2 AS transcripts have also been found to be present in HTLV-2 infected cells and in cells from HTLV-2 carriers [Halin et al 2009].

Transfection studies have shown that AS transcripts in HTLV-2, 3 and 4 are translated to proteins, named APH-2, 3 and 4, respectively [Larocque et al., 2011 and Halin et al 2009]. The APH-2 is expressed in HTLV-2 infected cell lines, while cells from HTLV-2 infected individuals have not yet been examined [Halin et al 2009]. In expression studies APH-2 and APH-4 were found to localize to the nucleus (as for HBZ), while APH-3 was mainly located in the nucleus and also in the cytoplasma [Larocque et al., 2011 and Halin et al 2009]. 

In transfection studies, APH-2, 3 and 4 have been found to downregulate Tax mediated HLTV LTR activation, as seen for HBZ [Halin et al 2009  and Larocque et al., 2011]. 

Common features of AS transcription in FIV:

I. AS transcripts have been detected in cells infected with FIV and in tissue from infected cats

II. The predicted protein is suggested to be a membrane protein

In FIV, AS transcripts have been detected in infected cell lines and in different lymphoid tissues of infected cats. Transcription start sites, translation of the AS transcript and biological function have not yet been determined, however the predicted protein is highly hydrophobic and predicted to be a membrane protein [Briquet et al., 2001]. 

The presented data demonstrates that AS transcription is a common characteristic of complex retroviruses and show that  viral AS transcripts are processed by splicing and polyadenylation. Furthermore, the transcripts are templates for the synthesis of proteins. These proteins might have an important biological function, and at least in the HTLVs the AS proteins downregulate the level of sense transcription, thereby regulating the viral expression [Gaudray et al., 2002 and Cavanagh et al. 2006]. 

Furthermore, the level of AS transcription seem to be very low compared to sense transcription, and it might be that sense actually impedes AS transcription [Cavanagh et al. 2006; Laundry et al., 2007].   

Although it has been conclusively demonstrated that AS transcripts are produced by complex retroviruses, viral AS transcription in MLV infections has not been studied as intensively. However, the results from studies in complex retroviruses suggest that viral AS transcripts in general have the potential to exert important functions in the infection and this might also apply for AS transcription in MLVs.  

Antisense transcription in MLVs

Only few recent studies have demonstrated the existence of AS transcripts originating in MLVs and only start sites in the 5' LTR have been conclusively demonstrated. Furthermore, AS transcripts have been found to proceed into the downstream target gene [Rasmussen et al., 2010 and Liu, 2009]. The nature of MLV AS transcription seem to be biologically different from what is known in HTLVs, HIV-1 and FIV, where AS transcription has been found to continue from the 3' LTR into the internal part of the viral genome [Cavanagh et al. 2006; Laundry et al., 2007]. Although the AS transcripts in HTLVs, HIV and FIV may be essential for pathogenesis, they are not implicated in tumorigenesis. In MLV, AS transcription has been found to be associated with development of tumors in mice [Rasmussen et al., 2010].

AS transcription has been detected in SL3-3 and Akv MLV infected mice with T-cell and B-cell lymphomas, respectively. Viral AS transcripts were detected in tumors were the proviruses were in opposite transcriptional direction relative to the target gene also called “enhancer orientation”, and it was found that both AS transcription and enhancer activation contributed to the deregulation of target genes [Rasmussen et al., 2010]. 

Transcription in two different common target genes were investigated, Jdp2 for SL3-3 infected mice and Bach2 for Akv infected mice. Jdp2 and Bach2 are both proto-oncogenes. Jdp2 encodes the AP-1 repressor c-jun dimerization protein while Bach2 encodes the BTB and CNC homology 2 protein [Rasmussen et al., 2010]. 

For SL3-3, AS transcripts were found to be initiated in two different regions in the U3 of the 5' LTR and they continued across the virus-host junction into the Jdp2 target gene giving chimeric transcripts. AS transcripts were detected in the majority of the tumors investigated (24 out of 25). Also, it was found that these AS transcripts were spliced at a canonical splice site to a downstream exon, confirming that it was not DNA contamination and suggesting that translation of the transcripts might result in proteins with a biological role. Furthermore, the contribution of AS Jdp2 transcript to the total amount of Jdp2 transcripts seemed to be important in some, although not all, tumors. In few tumors an inverse correlation between sense and AS transcription was found [Rasmussen et al., 2010 ].

For Akv, viral AS transcripts continuing into the target gene Bach2 were detected in three tumors. In one of these tumors, the canonical transcript level of the target gene seemed to be reduced, as was also seen for some of the SL3-3 induced tumors [Rasmussen et al., 2010 ]. 

AS transcripts have also been detected in tissue from knock-in mice with a single Akv1-99 LTR, which has only one repeat, integrated in the proto-oncogene Nras [Rasmussen et al., 2010], demonstrating that only the LTR is required for the production of AS transcripts. 

These experimental results indicate that AS transcription might be a general feature in MLVs as well as complex retroviruses and suggest that AS transcription in MLVs is neither gene- nor tumor specific. 

In SL3-3 induced tumors, the majority of AS transcripts were initiated within two narrow regions in the U3 region of the LTR at positions 53 to 60 and 95 to 102 and transcripts were not initiated beyond position 110 (the first base of the U3 is set to be 1). In tissue from a Nras knock-in mouse, Akv1-99 AS transcription start sites were found at positiononeto 80, 224 to 257 and at unmapped sites downstream of the U3-R boundary. Interestingly, transcript start sites were not found in the repeat regions in the U3 for neither SL3-3 nor Akv1-99 LTR. The repeat region is located at position 129 to 306 in SL3-3 and at 112 to 210 in Akv1-99 (Figure 3) [Rasmussen et al., 2010 and Ballarín-Gonzaléz and FS Pedersen, unpublisted data]. It might be that the repeat regions are packed with transcription factors, that interferes with initiation of AS transcripts. For Akv1-99, AS transcripts splice donor sites were observed in the LTR at position 73, 130 and 370. Read-through transcripts and transcripts that spliced in the intron were found to be initiated upstream of the splice site at position 73, whereas all transcripts initiated downstream of the 130 splice donor signal spliced at this site. Transcripts initiated downstream of the U3-R boundary spliced out most of the U3 region using the splice donor site at position 370 [Rasmussen et al., 2010 and Ballarín-Gonzaléz and FS Pedersen, unpublisted data].

In another study where the transcription start sites of total (not gene-specific) chimeric transcripts were investigated for a single tumor induced by Akv1-99, the distribution of initiation sites was somewhat different. Initiation sites were found distributed though the U3 (and also in the repeat region) of the LTR. Furthermore, a single initiation event was seen in the envelope region, where AS transcription continued into the viral genome and was spliced to the U3 region. The assay was neither integration nor LTR specific, therefore the detected transcription start sites could be a mixture of initiation sites in the 5' LTR and in the 3' LTR [Liu, 2009]. In Jdp2 and Bach2, only transcripts initiated in the 5' LTR were investigated [Rasmussen et al., 2010]. However, it is likely that AS transcription is initiated in the 3' LTR as well, as seen for the complex retroviruses.

In an experimental setup similar to the Nras model, Akv1-99 chronically infected NIH-3T3 cells were examined. The pattern of AS transcription start sites was found to be less distributed in this system. Although transcription start sites were found in the envelope region or the U5, R and U3 regions of the LTR, 27 out of 45 transcripts were initiated downstream of the inverse TATA box, indicating that sense transcription might “make an opening” in the chromatin facilitating the initiation of AS transcription as well as sense transcription [Liu, 2009]. 

The transcription start site data from the summarized studies in MLVs show different tendencies. However, the distinct transcription start site profile in the tumor in the study by Liu, 2009 could be explained by the fact that proviruses were expected to be integrated at random sites throughout the genome which might give a distinct transcription start site profile compared to the single integrations investigated by Rasmussen et al., 2010. The clustering of transcription start sites (27 our of 45) transcripts in Akv1-99 infected NIH-3T3 cells also reflects the distribution of transcription start sites in random proviruses [Liu,2009 and Rasmussen et al., 2010].

It is not known hos the AS transcription in simple retroviruses is regulated. However, it might be that AS transcription is impeded by sense transcription as seen in HTLV-1 [Cavanagh et al., 2006]. Also, AS transcription may have influence on the sense transcription as well. Furthermore it has not been investigated if MLV AS transcripts are templates for protein synthesis. 

2.5  Introduction to endogenous retroviruses 

Endogenous retroviruses (ERVs) are the result of retroviral infections and integrations of the proviruses into the germ line. ERVs behave like normal genes and are vertically transferred to offspring as an integral part of the genome. There is no mechanism that can eliminate the proviral DNA and therefore ERVs can be considered to be remnants of old viral infections [Reviewed in Kurth and Bannert, 2010].

Almost half of the entire human genome has been found to consist of transposable elements; DNA transposons and the more abundant retroelements. The retroelements, termed HERVs (human endogenous retroviruses) are further divided into two groups; one group having LTRs and a second group without LTRs. The LTR-containing HERVs accounts for approximately 8% of the human genome [Kurth and Bannert, 2010].

The majority of the ERVs are defective; introduced deletions, mutations or stop codons have  disrupted the open reading frames preventing viral expression and production of viral particles. Furthermore, the coding part of the provirus can be deleted through homologous recombination between the 5' LTR and the 3' LTR, resulting in the formation of a single LTR. Only few ERVs are replication competent and able to produce infectious retroviral particles. However, no replication competent ERVs have yet been found in the human genome [Kurth and Bannert, 2010]. 

The majority of ERVs are found in intergenic regions. Although retroviruses prefer to integrate at active genes or transcription start sites, these tend to the inactivated or excised over time. This result in the accumulation of proviral elements in regions spares in genes. When looking at the small group that is integrated within genes, HERVs is predominantly integrated in the AS orientation compared to neighbouring genes. This preference may be a result of selection against proviral integrations interfering at a severe degree, e.g. by early transcript termination of target gene transcripts  by use of polyadenylation signals in the LTRs (Figure 4.4 and 4.5) [Villesen et al., 2004].  

The family of ERVs was formerly thought to be selfish elements, having no function for the host organism. However, the LTRs of ERVs are able to regulate the expression of genes located near the integration site by their enhancer and promoter elements. LTRs have been found that have promoter activity in either sense or AS direction or both, but sense promoters seem to be most prevalent [reviewed in Denner, 2010]. A solitary ERV1 LTR have found to act as a bidirectional promoter for the human Down syndrome critical region 4 (DSCR4) and DSCR8 genes. Although, the DSCR4 and DSCR8 are co-expressed, the LTR promoter is more active in the sense orientation, than in the AS orientation. It is not known what the function of these transcripts are and if they are templates for protein synthesis [Dunn et al., 2006]. An HERV-H inserted in the inverse orientation in the 5' flanking region of the gasdermin-like protein (GSDML) has been found to be critical for the regulation of the downstream GSDML gene by viral AS transcription [Huh et al., 2008]. A HERV-K inserted in the inverse orientation in intron 9 of the human C4 genes has also been found to induce viral AS transcripts and it has been suggested that this transcription has a major role in the gene regulation of C4 [Mack et al., 2004]. The function of GSDML is not well characterised, while C4 is known to be involved in the classical complement pathway  [Huh et al., 2008 and Mack et al., 2004]. 

The LTR promoters that are active in the human genome are likely to have either beneficial or neutral effects as LTR insertions that results in detrimental changes in host gene expression will be selected against [Denner, 2010].

2.5.1 The ERV9 human endogenous retroviruses are transcriptionally active

The ERV9 are members of the HERV-I class  and were identified in 1991 [La Mantia et al., 1991; Svensson et al., 2001]. The HERV-I class has homology to the C-type retroviruses which includes the MLVs. The human genome has approximately 50 copies of ERV9 endogenous retroviruses and 4000 copies of single ERV9 LTRs. The solitary LTRs of ERV9 contain the U3, R and U5 sequence but no viral gag, pol and env genes. Characterization has shown that they have long LTR sequences of heterogeneous length that are composed of a complex array of repetitive elements [La Mantia et al., 1991]. The heterogeneous nature of the LTRs is due to a variable number and a variable length of the tandem repeats in the U3 and U5 regions. The U3 contains 5 to 17 tandem repeats typically of 37 to 41 base pairs, while the U5 contains 3 to 4 tandem repeats of typically 72 base pairs. These are packed with motifs like GATA, CCAAT and CCACC potentially capable of binding cellular transcription factors [La Mantia et al., 1991 and Long et al., 1998]. 

Two solitary ERV9 LTRs, one in the globin locus and another in the TP63 locus have been found to be important for the expression of neighbouring genes in a tissue specific manner. The ERV9 located 40 to 70 kb upstream of the fetal -  and adult b-globin gene locus has been found to be highly active in embryonic and erythroid cells. Studies have shown that this ERV9 has a role in the regulation of the switch between  and b globin transcription by recruiting transcription factors and selectively transferring them to the b-locus. The LTR located upstream of the TP63 locus has been found to be highly active in human male germ cells, where it is responsible for expression of unique TP63 transcripts. Transcript start sites have been mapped to the ERV9 LTR and found to be predominantly spliced to a canonical exon. These transcripts have been found to encode  a protein that is predicted to protect the male germline by suppressing proliferation and inducing apoptosis upon DNA damage [Ling et al., 2002; Beyer et al., 2011 and Pi et al., 2010].

The solitary ERV9 integrated in the human b-globin locus share 90% identical sequence with an ERV9 integrated in the human AXIN1 locus, even though the AXIN1 ERV9 is shorter. They have both been found to be strongly conserved in higher primates and have been stably integrated for at least 15 million years [Ling et al., 2006]. The conservation of the ERV9s in the primate genomes suggest that they are not harmful to the host and instead might serve useful function for the cell. The ERV9 in the b-globin gene is inserted  upstream of the b-globin locus control region and in the same orientation as the locus. The ERV9 in the AXIN1 locus is inserted in the second intron, however in inverse orientation relative to the gene [Ling et al., 2002].  

Both the AXIN1 LTR and the b-globin LTR have been found to possess strong enhancer and promoter activity with tissue preference. In transfection studies it was shown that both LTRs are active in undifferentiated embryonic cells and erythroid cells. They were found to have two fold higher activity in embryonic cells derived from placenta, than in hemapoetic cells (of both erythroid and lymphoid origin). Furthermore, the activity in embryonic cells were 10 to 100 fold higher than in adult nonhemapoetic cells. The constructs that were used in this study had the complete U3 sequence and half of the R region inserted upstream of a GFP (green fluorescent protein) [Ling et al., 2002]. 

The b-globin ERV9 transcripts have been found to be initated 25 bases downstream of the inverse TATA box in the U3 promoter. The same major transcription start site was found for the endogenous b-globin ERV9 in untransfected erythroid K562 cells and in untransfected placental trophoblast BeWo cells. Initiation sites were also found in the U5. Both the U3 and U5 initiated transcripts were found to extend into downstream DNA and into the control region of the b-globin locus. In untransfected HeLa cells, transcripts were found to be initiated at a single site in the U5.  Downstream of the ERV9 in the AXIN1 locus, there has also been found transcriptional activity. An amplicon called “amplicon 4” was detected in BeWo and K562 cells [Ling et al., 2002]. The origin of the transcript was not investigated, however it might be AS transcription initiated in the ERV9. 

2.5.1.1  AXIN1 as a target gene and implications in tumorigenesis

The ERV9 of the human AXIN1 locus has a length of 1308 DNA bases and six repeats are located in the U3 enhancer with a length of 40 bp, while two 72 repeats are located in the U5 [Ling et al., 2002]. The human AXIN1 locus consist of eleven exons and spans 58 kb of DNA [NCBI, Gene Bank]. 

The Axin1 protein has multiple domains capable of binding different proteins partners as APC (adenomatous polyposis coli), MEKK1 (mitogen activated protein / extracellular regulated kinase kinase kinase 1), GSK3b (glycogen synthase kinase 3 b), b catanin, CKI (casein kinase I), PP2A (protein phoshatase), Smad3, DIX (Dishevelled and axin binding doman) and DVL (Dishevelled). Axin has been suggested to be a tumorsuppressor and has been found to be implicated in several different signalling pathways e.g. the Wnt signalling pathway which is essential for development and morphogenesis, TGFb (transforming growth factor b) signalling that regulates several cellular functions as proliferation, differentiation, migration and apoptosis and the SAPK/JNK (stress activated protein kinase/Jun N-terminal kinase pathway) which is activated in response to stress and also involved in many physiological cell processes. 

Several truncated Axin1 protein variants (caused by deletions, mutations and frameshifts) have been detected in human cancers and depending on which domain is deleted binding of the listed protein partners can be abolished. Both decreased and increased  level of Axin can be catastrophic [Reviewed in Salahshor and Woodgett, 2005].

2.6 Use of reporter genes in gene expression studies

Genetic reporter systems has numerous applications including the study of gene expression and promoter and enhancer activities. Reporter genes, such as chloramphenicol acetyltransferase (CAT) and luciferase are easily detected and are commonly used for gene expression studies. When quantifying the amount of these reporter genes in transfected cells the background activity will be low as there is no endogenous expression of the reporter gene in the cells nor proteins with similar enzymatic activity. The signals for both CAT and luciferase activity are highly sensitive, reproducible and cover a large range. Previously, CAT was the most commonly used reporter gene, however after the luciferase activity assay was developed which is faster and simpler, this assay has become the most popular. 

Often more than one reporter gene is used in an experiment in order to correlate the data from an experimental reporter to an internal control. This minimizes experimental variability caused by differences in cell viability, sample handling and transfection efficiency. The utility of an internal control plasmid depends on the encoded protein to be expressed in a constitutive manner without being influenced by experimental factors [Reviewed in Jiang et al., 2008].  

CAT is an enzyme derived from bacteria. The enzymatic activity of CAT was formerly detected using an assay that relied on radioisotopes. However, now CAT ELISA kits (based on the sandwich ELISA principle) are available where the actual amount of CAT protein is measured and not the activity [Jiang et al., 2008]. 

Luciferase is a general term for a group of bioluminescent proteins that generates lights by catalysing a chemical reaction with oxygen and substrate. The group includes among others firefly luciferase (derived from firefly) and Renilla luciferase (derived from sea pansy). Firefly luciferase catalyses oxidation of D-luciferin in the presence of oxygen and ATP, while Renilla luciferase catalyse the oxidation of coelenterazine without the need for ATP. The firefly luciferase catalysed reaction releases chemical energy as blue to yellow-green light peaking at a wavelenght of 560 nm and the Renilla luciferase catalysed oxidation emits blue light with an emission maximum of 480 nm. 

As the substrate of Renilla and firefly luciferase is distinct from each other, both reporters can be used in the same assay and reading can be carried out in a single-tube format (this system was developed by Promega)  [Jiang et al., 2008].

2.6.1 Use of reporter genes in the study of expression from viral LTRs 

By inserting a viral LTR upstream of a promoter and enhancer less reporter gene, the expression of the reporter gene will represent the transcriptional activity of the LTR. This technique has been employed for many studies of the transcriptional level for viral LTRs [Ethelberg et al., 1997; Ethelberg et al., 1999; Olsen et al., 1990; Sørensen et al., 2005; Celander and Haseltine, 1987; Ejegod et al., 2009; Nielsen et al., 1994 and Duch et al., 1993]. The transfected cells can be assayed for the activity of the LTR by directly determination of the amount of either the reporter mRNA, the reporter proteins or the enzymatic activities of the reporter proteins.

Furthermore, as the expression of the reporter gene changes by activation of repressing of the enhancer elements in the LTR the effect on transcription level can be measured in transfected cells. 

3  AIM OF PROJECT

Tumorigenesis caused by deregulation of host genes after mutagenic retroviral integration is well known. However, AS transcription in simple retroviruses is a newly discovered mechanism, formerly only known to occur in infections with complex retroviruses. In this study, the aim has been to gain further understanding of the mutagenic properties of simple gammaretroviruses by investigating if AS transcription is a general feature of MLVs and determining how the AS transcription is regulated. 

Specific aims of this study was to investigate:

I. If AS transcription is a general feature of MLVs and related ERVs

II. If AS transcripts contribute to protein synthesis

III. What happens to AS transcription upon enhancer mutation or induction

IV. The absolute ratio between AS and sense transcription

V. Transcription start sites for AS and sense transcripts in SL3-3 Akv LTRs

The hypothesis was that proviruses that are integrated in an inverse orientation relative to their target gene are likely to produce AS transcripts that proceed into the downstream target gene. In previous studies, AS transcription was found in tumors with inverse MLV integrations located in two different gene loci. Therefore, murine tumors with SL3-3 integrations in inverse orientation relative to the target gene Ccnd3 was investigated in this study to investigate if AS transcription is common for MLVs. Furthermore, human cells with an active ERV9 inserted in the inverse orientation in the AXIN1 locus were also examined for the presence of viral AS transcripts in this study. The ERV9 has some homology to the MLVs, and by including experiments with this retrovirus it is tested how far the hypothesis extends.

In order to characterize regulation of AS transcription more quantitatively a reporter system was developed in this study. This system is a series of plasmids containing a LTR (Akv, SL3-3 or SL3-3.3xNF1 mutant), surrounded by two luciferase reporter genes (one reporter gene in the sense orientation and another in the AS orientation). Expression from the LTR was examined by transient transfection with or without inducing the viral LTR with dex. 

4 RESULTS

4.1 Investigating the presence of antisense transcripts in vivo

In the first part of the project, the presence of viral AS transcripts in vivo was investigated. Two model systems, murine tumors with integrations in a specific gene and an ERV were to be carefully selected by searching though a database of proviral integrations sites and the literature, respectively. The following criteria was set for both model systems: 1) The integration/s should be located upstream of or in the 5' end of a gene, 2) The orientation of the provirus/es should be inverse in relation to the gene locus and 3) A target gene/a neighbouring gene with implications in cancer was preferable. For the murine tumors it was also important that a prevalent target gene was chosen. Since the distribution in end-stage tumors is reflected by the selection process of tumorigenesis, the genes that are prevalent hit are likely to be subject to deregulation and thereby have a role in the developed tumorigenesis. For the endogenous LTR it was preferable to find a human LTR from a group that already includes active LTRs with a known role in regulation of neighbouring genes.     

4.1.1 Searching for an interesting proviral target gene in mice

The Picobella database contains a large collection of proviral integration sites in the mouse genome derived from The Retroviral Tag Cancer Genome Database (RTCGD) and unpublished data [Pedersen FS]. When looking though the database it was obvious that specific target genes are more prevalent hit than others. 

The Ccnd3 gene locus was found to be the tenth most prevalent proviral target gene and 143 MLV tags have been found in the Ccnd3 locus of which 136 are located in the first intron and three is located in the second intron. Only 13 integrations out of the 139 were found to be in the same orientation as the Ccnd3 target gene. The remaining 126 integrations were found to be in inverse orientation compared to the target gene orientation [RTCGD and Pedersen FS, unpublished data]. 

These integration data suggests that the proviruses integrated in the Ccnd3 gene locus might influence the Ccnd3 expression and that this deregulation is implicated in the tumorigenesis. The fact that the integrations are located in an intron, and that their orientation is opposite relative to the target gene, indicates that the mutagenic mechanism could be the same as found in tumors with similar proviral integrations in Jdp2 and Bach2 [Rasmussen et al., 2010], that is AS transcription. 

Ten tumors derived from NMRI mice were available for analysis, these were either derived from spleen, thymus or mesenteric lymph node (Table 3). The Ccnd3 gene locus and the 11 integrations are illustrated in Figure 5. The integrations cover a total distance of 77 kilo base pairs, however 8 out of 11 integrations are clustered in a window of 4169 base pairs. 

[image: image5.jpg]



Figure 5: The murine Ccnd3 locus and the proviral integrations that were examined in this study. The insertions are all found in the first intron of Ccnd3 and 8/11 integrations are clustered in a window of 4169 base pairs. The green arrows denote the orientation of the proviral integrations. The locus of Ccnd3 spans over approximately 100.000 base pairs and consist of seven exons of which five is coding exons. The second intron, where 10 out of 11 integrations are found covers a large part of the gene locus, approximately 74.000 base pairs. Light blue boxes, non-coding exons; dark blue boxes, coding exons. S, spleen; ML, mesenteric lymph node; T, thymus.   

4.1.2 Verification of proviral integrations in Ccnd3 in tumors 

In order to confirm the presence of provirus in the tumor DNA, PCR integration analysis was performed for the ten tumors investigated having 11 proviral integrations in total (tumor 14-1461S has 2 integrations with a distance of 1734 base pairs) (Figure 5 and Table 3). The size of the amplified products was assessed on an agarose gel (not shown), and sequencing was performed to confirm the nucleotide sequence. The integration site was confirmed for all murine tumors, with primer sets amplifying both terminal ends of the provirus: V440 and V2620 (LTR specific primers, annealing site is indicated in Figure 3) combined with gene specific primers. However, for tumor 02-327S the integration site found by this method was 152 base pairs upstream of the integration site determined by Picobella. (Table 3). It might be that two proviral integrations are closely clustered in this tumor (either in the same cell or in separate cells as the tumors are heterogeneous), however I was only able to detect the integrated provirus at position 47,657,090.

4.1.3 Detection of chimeric SL3-3-Ccnd3 transcripts in murine tumor tissue

Chimeric fusion transcripts consisting of viral and host Ccnd3 intron sequence was detected by reverse transcriptase PCR (RT-PCR) in five out of ten tumors investigated; 02-327S, 03-95ML, 04-1461S (1), 04-1160S and 4.4ML (Table 3). The size of the PCR amplicons was assessed on an agarose gel (Figure 6) and subsequently the amplicons were sequenced.  

	Tumor
	Tissue 
	Integration site*
	Integration site**
	Chimeric transcript

	04-1450
	S
	47,651,287
	47,651,287
	-

	02-327
	S
	47,657,243
	47,657,090
	+

	03-95
	ML
	47,667,048
	47,667,048
	+

	04-1461 (1)
	S
	47,667,174
	47,667,174
	+

	03/4
	S
	47,667,576
	47,667,576
	-

	04-1160
	S
	47,668,901
	47,668,901
	+

	04-1461 (2)
	S
	47,668,908
	47,668,908
	-

	4.4
	ML
	47,669,140
	N/A
	+

	03-12
	ML
	47,670,542
	47,670,542
	-

	03-210
	T
	47,671,217
	47,671,217
	-

	02-354
	T
	47,729,022
	47,729,022
	-


Tabel 3: Tumor specifications; type of tissue, integration site (position at chromosome 17) and detection of chimeric fusion transcript. *Integration site provided by Picobella, **Integration site verified by PCR methods. N/A, not available: No tissue was left for DNA purification. S, spleen; ML, mesenteric lymph node; T, thymus.

The chimeric transcripts were all detected with the MHR#140 primer (Figure 3) combined with a gene specific primer as described below. First, the presence of chimeric transcripts were searched by using the same reverse primers as in the integration analysis of the tumors. Using these primers, chimeric transcripts were found in three tumors, 04-1160S, 4.4ML and 03-95ML. However, it was suspected that the remaining reverse primers were located too far downstream of the annealing site (in case the AS transcripts were spliced shortly after the proviral terminal). Therefore new primers were designed that annealed closer to the terminal end of the virus. Using these primers, chimeric transcripts were found in two additional tumors, 04-1461 (1) and 03-327S.

Sequencing showed that all transcripts were unspliced products consisting of 39 nucleotides derived from the end of the U3 LTR region and a varying number of specific nucleotides derived from the Ccnd3 intron 2 sequence downstream of the proviral integration site. In Appendix II, the sequence for the chimeric amplicon detected in tumor 02-327S is given as an example. As no bands were visible on the gel in the lanes were the controls without reverse transcriptase was added (Figure 6) demonstrating that the amplicons are derived from cDNA and not from genomic DNA contamination.

Searching for spliced chimeric transcripts, the MHR#140 LTR specific primer was combined with primers annealing either to the second or the third exon in the Ccnd3 locus (Ccnd3.exon2.rev and Ccnd3.exon3.rev). However, even though different PCR settings were tried, spliced chimeric transcripts were not detected in three tumors investigated; 04-1160S, 4.4ML and 03/4S.    

In order to determine transcription start sites for the chimeric transcripts, 5' rapid amplification of cDNA (RACE) was performed on RNA from one of the tumors, 04-1160S. The PCR control reaction for the assay was positive; the GAPDH + oligo amplicon was obtained ensuring that the steps in the 5' RACE protocol had been successful. However, no bands were observed when doing PCR with oligo- and gene specific primers on the 5' RACE cDNA. The PCR settings were varied and different primer sets were tried in order to optimize the reaction. 4.4ML-04-1160S.rev2 and Ccnd3.Race.rev1 were combined with the Oligo.forw primer, the first primer anneals downstream of the integration site, while the second primer anneals the exon 3 of Ccnd3. Furthermore, a second PCR amplification was performed using the first PCR as template and with nested primers. However, even after many attempts to optimize the PCR, only a smear was seen when analysing the PCR amplicons on an agarose gel, and TOPO cloning of PCR products gave no results related to the Ccnd3 gene locus or the SL3-3 LTR. 

In summary, the detection of chimeric transcripts originating in SL3-3 proviruses integrated at different sites in the murine Ccnd3 locus strongly indicate that the transcripts are of viral origin, although this was not confirmed. 

[image: image6.jpg]



Figure 6: Detection of chimeric fusion transcripts in Ccnd3 targeted tumors. Chimeric fusion transcripts were detected in five tumors: 03-95ML, 04-1160S, 4.4ML, 04-1461S (1) and 02-327S. The sizes of the bands are indicated with arrows. Amplicons were obtained by using the LTR specific primer MHR#140 in combination with gene specific primers. Chimeric transcripts in tumors  03-95ML, 04-1160S, 4.4ML, 04-1461S (1), 02-327S were detected with the primers 03/4S.rev, 4.4ML/04-1160S.rev2, 4.4ML/04-1160S.rev, 04-1461S.rev2 and 02-327S.rev2 respectively. (-) control, negative control containing ddH20 instead of template; RT,  reverse transcriptase; bp, base pair. 

4.1.4 Searching for an interesting human endogenous retrovirus

Looking though recent literature, the quest was to find an active ERV integrated either upstream of or in a human gene locus. Furthermore, the ERV should be in inverse orientation relative to the target gene.

Using keywords such as “endogenous retrovirus”, “active”, “transcription” and “inverse”, an interesting ERV9 was found. This ERV9 is a solitary LTR located in the AXIN1 gene locus (Figure 7) and has been found to be conserved in the higher primates; orangutan, gorilla, chimpanzee and human [Ling et al., 2002]. The orientation of this ERV9 is in inverse orientation relative to it's target gene. Also, studies have shown that there is transcriptional activity downstream of the LTR in terms of “amplicon 4” (Figure 7) [Ling et al., 2002]. This could be a result of AS transcription initiated in the ERV9, however the initiation start sites of these transcripts are not known. As the sense enhancer activity has been found to be low in HeLa cells and high in K562 and BeWo cells [Ling et al., 2002] these three cell lines were selected for this study.

4.1.5 Detection of chimeric ERV9-AXIN1 transcripts in human cell lines

In order to confirm if the AXIN1 gene locus was actively expressed in BeWo, K562 and HeLa cells, a RT-PCR with primers designed to anneal to exon 2 and exon 4 was first performed. PCR amplicons were sequenced and it was confirmed for all three cell lines that AXIN1 was actively transcribed (Figure 8).
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Figure 7: Overview of the AXIN1 gene locus with focus on the ERV9 integrated in intron 2. The AXIN1 gene locus consist of 11 exons, of which 10 is coding exons. The ERV9 single LTR is integrated in inverse orientation in relation to the target gene. The green arrow denote the orientation of the ERV9 LTR. Primers used for PCR amplification of “amplicon 4” and chimeric transcripts are indicated with red arrows; ERV9.forw anneals to the terminal of U3, while Amp4.forw and rev anneals in the intron 948-1364 base pairs downstream of the integration. Intron2.rev1 and Intron2.rev2 anneals 101 and 465 base pairs downstream of the ERV9, respectively. Light blue boxes, non-coding exons; dark blue boxes, coding exons.
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Figure 8: Confirmed transcriptional activity in the AXIN1 locus in human cell lines. The amplicon was detected in HeLa, BeWo and K562 cells and was obtained using the primers: AXIN1.exon2.forw combined with AXIN1.exon4.rev. The size of the amplicon is indicated with an arrow. (-) control, negative control with ddH20 instead of template; RT,  reverse transcriptase. 

Subsequently, a PCR was performed amplifying “amplicon 4”, located 948 to 1364 base pairs downstream of the ERV9 in the Axin1 intron 2 sequence (The annealing site of primers are indicated in Figure 7). This amplicon has previously been described to be present in BeWo and K562 cells [Ling et al., 2002] and we wanted to confirm this. Primer sequences was obtained from Ling et al. [Ling et al., 2002], however one of the primers was extended to increase the melting temperature. The presence of amplicon 4 was demonstrated downstream of the ERV9 in all three human cell lines and verified by sequencing (Figure 9).

No bands were visible on the gel in the lanes were the controls without reverse transcriptase was loaded. This proves that the amplicons are derived from cDNA and not from genomic DNA contamination. If amplicon 4 is initiated in the ERV9, there is either read-through from the initiation site in the ERV9 or there might be a stretch of nucleotides that is spliced out between the initiation site and amplicon 4. However, time did not allow to investigate this. 

It was interesting that the amplicon was present in HeLa cells, as the ERV9 has been found to have low sense activity in these cells [Ling et al., 2002]. If the amplicon is initiated in the ERV9, this could indicate that the AS activity from ERV9 is not co-regulated with the sense activity.
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Figure 9: Detection of “amplicon 4” downstream of the AXIN1 ERV9 in three human cell lines. The amplicon 4, located in the second intron of Axin 1, was detected in all three cell lines, HeLa, BeWo and K562. The amplicon was obtained by using primers, amp4.forw combined with amp4.rev. The size of the amplicon is indicted. (-) control, negative control with ddH20 instead of template; RT,  reverse transcriptase. 

In order to examine if chimeric ERV9-Axin1 fusion transcripts were also present in the human cell lines the following primer sets were designed; two primers annealing to the ERV9 sequence, ERV9.forw (not nested and nested) and two primers annealing downstream of the ERV9, intron2.rev1 (not nested and nested). The annealing site of the primers is indicated in Figure 7. Chimeric ERV9 - AXIN1 transcripts were found in all three human cell lines (Figure 10) using these primer sets and sequencing verified that the amplicon consisted of 64 base pairs from the ERV9 LTR and 101 base pair from the AXIN1 intron. Subsequently, a primer that annealed further downstream in the intron (Intron2.rev2) was used, and a longer chimeric transcript was detected, verified by sequencing to consist of 64 base pairs from the ERV9 LTR and 451 base pairs of the downstream AXIN1 intron 2 sequence (results not shown). Again, no bands were visible on the gels in the lanes were the controls without reverse transcriptase were loaded confirming that the amplicons are derived from cDNA and not from genomic DNA contamination.
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Figure 10: A chimeric ERV9 - AXIN1 transcript was detected in three human cell lines. The chimeric fusion transcript was detected in BeWo, K562 and HeLa cells by using the primers, ERV9.forw.nested combined with Intron1.rev1.nested. The size of the bands are indicated. (+) control, human DNA from BeWo cells; (-) control, negative control with ddH20 instead of template; RT,  reverse transcriptase. 

To investigate the polarity of the detected transcripts, strand-specific cDNA was synthesized using either a primer annealing to the intron 2 (Intron2.rev1 or Intron2.rev2) or the ERV9 LTR (ERV9.forw). Control reactions were included were cDNA was synthesized with a primer specific for AXIN1 exon 2 or exon 4 (AXIN1.exon2.forw and AXIN1.exon4.rev). However, when doing PCR on the control cDNA it was found that the set-up was not useful. PCR products were produced for all cDNA control samples and if the PCR was truly strand specific, we would expect to see exon2-exon4 amplicons of only one polarity. 

Subsequently, the initiation site of the chimeric ERV9-AXIN1 transcripts was investigated in K562 cells using 5' RACE. The PCR control was positive and confirmed that the RACE procedure was successful (the GAPDH + oligo amplicon was detected). Furthermore, bands were also obtained when combining the AXIN1.Intron2.rev2 primer with the oligo specific primers in non nested and nested PCRs. However, downstream TOPO-cloning and sequencing of the PCR amplicon showed that the primers had amplified a single unspecific product to a high extend.

Although various attempts were done in trying to optimize the PCR, a different result was not obtained. This could indicate that the transcription start site was not in the ERV9 and therefore other possibilities were investigated.

To examine if the chimeric transcripts could be initiated from an alternative internal cellular promoter in the AXIN1 gene, the sequence of AXIN1 was used as input for promoter prediction using the Promoter 2.0 Prediction Program (can be accessed at http://www.cbs.dtu.dk/services/Promoter/). Both stands were investigated for promoter activity. The output for the AXIN1 sense stand showed that no highly likely promoter prediction sites were found between the canonical AXIN1 transcription start site and the integration position of ERV9 in the same orientation as the gene locus. Therefore, if the chimeric transcripts were derived from a cellular promoter the polarity of transcripts was believed not to be of sense orientation (relative to the AXIN1 locus), although another possibility was that the transcripts were initiated further upstream at the canonical AXIN1 promoter. 

The output for the AS strand revealed the presence of several highly likely inverse promoter prediction downstream of the U3 region of ERV9, which could initiate transcripts oriented in the opposite orientation than the AXIN1 locus. Specifically, a highly likely inverse promoter was located approximately 2200 base pairs downstream of the U3. The “amplicon 4” is located in between this predicted promoter and the ERV9. 

In order to test the hypothesis that the internal predicted promoter was responsible for the presence of amplicon 4 and chimeric transcripts, 5' RACE was repeated with the Amp4.forw. primer combined with the oligo specific primer, however no PCR amplicons were obtained in non nested and nested PCR reactions. 

In summary, the described results indicate that there might be AS transcription activity from the ERV9 inserted in the human AXIN1 gene locus. However, as transcription initiation sites were not determined it is unclear from where the chimeric ERV9-AXIN1 transcripts originate. Three different scenarios are still possible: 1) The chimeric transcripts are initiated at the cellular promoter and are part of an unspliced RNA or a novel RNA, 2) The chimeric transcripts are initiated at an inverse oriented promoter located downstream of the ERV9 which induces transcription towards the 5' terminal of the AXIN1 locus, or 3) The chimeric transcripts are initiated in the ERV9 in an AS orientation relative to normal viral transcription. If chimeric ERV9 initiated transcripts are translated to protein they could give rise to an N-terminally truncated Axin1 protein.    

4.2 Investigating the regulation of antisense transcription by use of a vector reporter system 

After investigating the presence of AS transcript in two different in vivo systems, a different approach was taken in order to investigate the regulation of AS transcription. A vector reporter system, designed by Magdalena Pyrz, was employed for this (Figure 11). The vectors contained either the complete SL3-3 LTR or the complete Akv LTR sequence surrounded by one or two luciferase reporters genes, firefly and Renilla. The expression of the reporter genes are a measure for the transcriptional activity of the inserted LTR, as the reporter system lacks eukaryotic promoters and enhancers. Furthermore, the activity of the reporters will only be detectable if the viral initiated RNAs are translated to proteins. The advantage of this system is that the amounts of AS and sense transcription can be quantitatively determined while manipulating the system in different ways. 
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Figure 11: Simplified schematic representation of the vectors designed by Magdalena Pyrz. Four different vectors were available, each with a complete SL3-3 or an Akv LTR inserted in between luciferase reporter gene/s. In the vectors, the LTR was inserted in either forward or inverse orientation and Renilla was present or deleted. pGL3.LTR contains both reporter genes and the LTR in forward orientation; pGL3.LTR.dR contains only the firefly reporter gene and the LTR in forward orientation; pGL3.LTR.Inv contains both reporter genes and the LTR in inverse orientation and pGL3.LTR.Inv.dR contains only the firefly reporter gene and the LTR in inverse orientation. The vectors were named according to which LTR they contain, which orientation the LTR has and the presence or absence of the Renilla gene. The arrows denote the sense transcription of the elements. Green arrow, LTR (either SL3-3 or Akv); red arrow, Renilla luciferase reporter gene and blue arrow, firefly luciferase reporter gene. The stars denote the two different enzymatic activities of the reporter genes. 

In the vectors the LTR is inserted in forward or inverse orientation and the Renilla is either present or has been deleted (Figure 11). This means that both firefly and Renilla will alternate between being reporters for either sense or AS transcription (Table 4). The vectors with both reporters will be used for investigating the presence of AS transcription and the ratio between AS and sense transcription under different circumstances.

Vectors with an inverse LTR were included to access if there was any bias towards expression of either reporter, while the control vectors where Renilla had been deleted were included to access if firefly expression was quenched properly and to ensure that the detected Renilla expression was not influenced by the firefly expression. The vectors were named according to figure 11. 

4.2.1 Experiments with the original pGL3.LTR vectors

Prior to this study, transfection studies in HEK-293T cells performed by Magdalena Pyrz and Lone Højgaard Nielsen had not been that promising. The sense activity from the Akv LTR did not increase when transfected cells were added the synthetic glucocorticoid dex and although the sense expression from the SL3-3 vectors was found to be dex inducible, Renilla was not expressed from these vectors (results are not shown). Both of these problems were odd, as dex is well known to induce sense transcription activity in both LTRs, and the Renilla gene was effectively transcribed in vectors with an Akv LTR. We speculated that the lack of Renilla expression was properly not due to a biological difference between the Akv and SL3-3 LTR and that the reason instead was a problem with the SL3-3 vectors. The lack of transcription activation for the Akv LTR could not be explained, however it might have something to do with the specific cell stock or the density of the transfected cells at the time they were dex induced. 

Also, previous studies (Table 1) have not tested the Akv and SL3 LTRs in HEK-293T cells therefore it was speculated that the Akv LTR might not be that inducible in these cells, as the level has been found to differ widely between different cell types.

Experiments with these vectors were repeated in this study to disprove or confirm previous results. 

	Vector
	Firefly expression
	Renilla expression
	Application

	pGL3.LTR
	Sense transcription
	AS transcription
	Quantification of sense and AS

	pGL3.LTR.Inv
	AS transcription
	Sense transcription
	Quantification of sense and AS

	pGL3.LTR.dR
	Sense transcription
	-
	Control for Renilla AS background

	pGL3.LTR.Inv.dR
	AS transcription
	-
	Control for Renilla sense background


Table 4: Overview of the vectors, the reporter genes and the application of the vectors. Two of the vectors contain the LTR in  forward orientation (pGL3.LTR and pGL3.LTR.dR), while two others contain an inverse oriented LTR (pGL3.LTR.Inv and pGL3.LTR.Inv.dR). For each vector it is listed what the reporter genes quantifies. The vectors with both luciferase reporter genes are used for quantification of sense and AS transcription, while the two vectors with the Renilla gene deleted are controls measuring the Renilla background level. 

4.2.1.1 Dexamethasone induction of the Akv LTR is reproducible

In order to examine if the sense activity of the Akv LTRs inserted in the pGL3 vectors was inducible with dex or not, transfections with the pGL3.LTR.dR vector (Figure 11) were repeated in this study. The AS transcription was not investigated in this specific experiment.

NIH-3T3 cells were chosen for transfections, as the Akv sense expression previously has been shown to increase two fold in the presence of dex when transfected into these ells [Nielsen et al., 1994]. Furthermore, a control vector expressing Renilla, pcDNA3, was co-transfected with the Akv LTRs. Transfections were done in triplicates, with or without dex.

120.000 NIH-3T3 cells were seeded per well in 24 well plates, although it was later found to be optimal to seed much less cells. The luciferase readings were performed on 10 l undiluted cell lysate and the luciferase values were correlated to the Renilla values. It was found that sense activity was increased two to three fold when dex was added (results are not shown). This ratio was consistent with the two fold activation found by Nielsen et al. [Nielsen et al., 1994]. Therefore it was reckoned that the lack of dex induction in initial experiments performed by Magdalena Pyrz was not caused by an unresponsive Akv LTR, but other parameters in the experiment such as cell type, cell density or incubation time with dex. 

Some while after doing this experiment it was noticed that the firefly readings were above 20 millions when measuring the luciferase activity on lysates from pGL3.Akv.LTR transfected NIH-3T3 cells induced by dex. This could imply that the sense transcription was induced to an even higher extend (this is explained in section 4.2.1.3).

4.2.1.2 The Renilla gene in the pGL3.SL3 vectors is defect

After confirming that dex was able to induce the Akv LTR in transfected NIH-3T3 cells, the pGL3.SL3-3 vectors were to be tested in NIH-3T3 cells to determine if the Renilla gene was expressed or not. In the dex-induction  experiment it was noticed that the cells were overgrown at the time of harvest. Therefore, less cells was  seeded out in this experiment; 200.000 NIH-3T3 cells were seeded per well in six well plates. 

Transfections were done for all four pGL3.Akv vectors and two pGL3.SL3-3 vectors (the vectors with an inverse SL3-3 was omitted), and this time cells were co-transfected with a pSV2 plasmid expressing CAT activity and not pcDN3. Luciferase activity was measured on undiluted cell lysate samples (data not shown).

The uncorrelated luciferase data confirmed that the Renilla gene in the pGL3.SL3.3 vectors was not expressed. The inverse control vectors where firefly is a measure for AS transcription, while Renilla is a measure for sense transcription had been omitted from the experiment, therefore two different reasons could explain the lack of Renilla activity: 1) There is no AS transcription initiating in the SL3-3 LTR or 2) The Renilla gene was somehow defect. 

As Renilla expression representing viral AS activity had been detected in cells transfected with the Akv constructs in the studies by Magdalena Pyrz, it is highly likely that viral AS activity is present in cells transfected with the SL3-3 construct as well. 

It was concluded that new reporter plasmids were to be designed and cloned. The idea was to add extra elements to the reporter vectors beside replacing the Renilla gene in the SL3-3 vectors with a functional reporter. This is  described in 4.2.2.   

In addition to determining that the Renilla gene in the SL3-3 vectors was defect, the uncorrelated data from this experiment gave surprising results for the dex induced transfection. The expression from the Akv LTR was not induced by dex, while the SL3-3 LTR was induced two fold (results are not shown). The only obvious difference between this experiment and the dex experiment (in 4.2.1.1) which confirmed that the Akv LTR was inducible in NIH-3T3 cells was the number of cells seeded, as only one third cells were seeded in this experiment compared to the previous experiment. However, in this experiment the transfected cells showed a tendency to be highly confluent in the centre of the well, whereas cells surrounding this centre was widely dispersed. The right confluence might be important for the dex induction and it was noted for future transfections that when seeding the cells they should be very carefully handled to avoid accumulation of cells in the centres of the wells. However, in the dex inducing experiment the cells were overgrown at the time of harvest and in these cells the Akv LTR was inducible. Therefore, several parameters could be important, such as incubation time with dex and how many times the cells have been passaged in culture before transfection. Therefore for future experiments it was also decided that 1) Cells should be transfected exactly 24 hours after being seeded, 2) The dex induction should be done for a time period of exactly 24 hours and 3) The cells to be transfected should not have been passaged in culture for more than six weeks. 

Furthermore, it was noticed that many of the firefly values were around 40 millions which indicate that the firefly reaction was somehow saturated or that the readings were above the range were the luminometer did accurate measurements. The same tendency was not seen for the Renilla values as they were generally lower than the sense values. It was decided to experimentally determine the linear range of the firefly readings.

4.2.1.3 Determining the linear range for firefly luciferase expression

In order to make standard curves for the firefly expression dilution series were prepared for three randomly selected cell lysate samples from the last experiment. In experiments prior to this, 10 l undiluted cell lysate had been used for the luciferase assay, while in this experiment the samples were diluted up to 20 times. Samples were prepared that had 10 l, 5 l, 2.5 l, 1.25 l, 0.63 l and 0 l cell lysate in a total volume of 10 l. 

The firefly luciferase readings were plotted and it was found that the firefly activity was clearly not in the linear range for readings on e.g. 10 l cell lysate (Figure 12). Results are only shown for one sample, however this is representative for all three dilutions series. The standard curves showed that cell lysate samples should be diluted, as readings above 20 millions are not in the linear range. These results suggest that either the luminometer was not able to read the high luciferase values or the substrates were turned over too fast. 

In conclusion, these findings mean that results from previous experiments are not reliable. For future experiments, cell lysate samples were to be diluted before measuring the luciferase activity, to keep the values in the linear range. It was reckoned that luciferase values should be 20 millions or below to obtain accurate results.
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Figure 12: Firefly standard curve. Firefly luciferase readings were performed on a dilution series from a randomly selected sample and the values were plotted as a function of undiluted cell lysate volume. This standard curve was based on readings from a single sample. In total, standard curves were made for three different samples and the shown standard curve is representative of all three experiments.  

After this, luciferase readings on cell lysates were repeated for the last experiment with both Akv and SL3-3 vectors (described in 4.2.1.2) to investigate if this would change the 1:1 ratio between the noninduced and the dex induced Akv LTR sense expression. This time the cell lysates were diluted 20 times prior to luciferase readings and all values were below 20 millions.

The uncorrelated AS and sense luciferase readings are listed in table 5. It seemed like the sense transcription was increased slightly from the Akv LTR in the sense orientation upon dex induction of the pGL3.Akv.dR construct, however the variation of the values for the dex induced samples are high, suggesting that the difference is not significant. Also for pGL3.Akv, pGL3.Akv.Inv. and pGL3.Akv.Inv.dR no effect was seen on the sense transcriptional level from the LTR in cells treated with dex. However, dex was found to induce the sense transcription from the SL3-3 LTR three to four times (while it was only found to be induced two fold in the experiment with the undiluted samples). Furthermore, the readings on lysates from cells transfected with the pGL3.Akv constructs also showed that AS was expressed, although at a much lower level than sense transcription. 

It was concluded that the noninduced and induced Akv was somewhat similar in the uncorrelated data, as seen for the  readings on the undiluted cell lysates (not shown). Therefore, the lack of Akv responsiveness could not be explained by non accurate readings that were outside the linear range of firefly detection. 

	Plasmid
	Reporter
	- dexamethasone
	+ dexamethasone

	
	
	Sample 1
	Sample 2
	Sample 3
	Sample 1
	Sample 2
	Sample 3

	pGL3.basic
	Firefly

Renilla
	10,170

403
	12,248

350
	20,405

256
	6,335

305
	6,595

440
	10,279

597

	pGL3.Akv.
	Firefly

Renilla
	5,652,242

6,224
	6,835,742

6,773
	5,106,787

5,128
	4,936,627

3,318
	5,639,436

3,417
	2,295,182

2,308

	pGL3.Akv.Inv.
	Firefly

Renilla
	517,574

3,281,995
	492,559

2,700,946
	405,840

3,004,247
	325,687

2,197,570
	417,722

2,360,216
	318,447

2,224,546

	pGL3.Akv.dR
	Firefly

Renilla
	5,258,057

439
	3,806,029

384
	3,634,616

483
	5,580,986

339
	5,024,358

310
	7,856,931

369

	pGL3.Akv.Inv.dR
	Firefly

Renilla
	198,874

341
	132,097

367
	138,859

321
	162,461

298
	113,526

438
	173,453

365

	PGL3.SL3-3
	Firefly

Renilla
	3,714,520

524
	3,869,856

478
	4,900,906

563
	13,144,420

428
	9,937,211

502
	11,250,458

458

	pGL3.SL3-3.dR
	Firefly

Renilla
	4,424,818

432
	3,516,963

623
	3,191,564

395
	8,009,057

583
	8,366,811

477
	11,898,662

486


Table 5: Uncorrelated AS and sense luciferase readings in transfected NIH-3T3 cells. For each construct, six independent transfections were performed. Three of these were then left untreated and three was treated with dex. Four Akv and two SL3-3 vectors were included in this experiment. The cell lysates had been diluted 20 times prior to luciferase readings.

Although the data shows that luciferase readings from sample 1, 2 and 3 within the same series are generally similar (Table 5), some readings such as firefly in pGL3.Akv.Inv.dR sample 1 (-dex) and firefly in pGL3.Akv.dR sample 1 (-dex) were somewhat higher than the other readings in the same series.  

In a last attempt to test if the Akv LTR was inducible or not and to determine if the variance between samples in the same series could be minimized the data set for the readings on the diluted samples (Table 5) were correlated to the CAT protein level in the samples. 

4.2.1.4 Correlation of AS and sense luciferase values to the amount of CAT protein

In order to test if correlation of the luciferase values would change the ratio of expression between the non induced and dex induced Akv LTR, the total amount of CAT protein was quantified for all samples (Table 6). Subsequently, the luciferase readings were correlated to the CAT values (Table 7). 

	Plasmid
	Reporter
	- dexamethasone
	+ dexamethasone

	
	
	Sample 1
	Sample 2
	Sample 3
	Sample 1
	Sample 2
	Sample 3

	pGL3.basic
	CAT 
	0.33
	0.53
	0.43
	0.18
	0.20
	0.27

	pGL3.Akv.
	CAT
	0.51
	0.40
	0.41
	0.19
	0.20
	0.06

	pGL3.Akv.Inv.
	CAT
	0.87
	0.66
	0.83
	0.45
	0.72
	0.33

	pGL3.Akv.dR
	CAT
	0.49
	0.39
	0.42
	0.41
	0.37
	0.45

	pGL3.Akv.Inv.dR
	CAT
	0.65
	0.53
	0.73
	0.78
	0.59
	0.58

	PGL3.SL3-3.
	CAT
	0.55
	0.55
	0.67
	0.47
	0.33
	0.53

	pGL3.SL3-3.dR
	CAT
	0.51
	0.58
	0.60
	0.49
	0.55
	0.72


Table 6: CAT quantification in NIH-3T3 cell lysates. The quantified amounts of CAT enzyme are listed. They were calculated as follow; Cell lysates were diluted four fold prior to analysis. For each diluted cell lysate sample duplicates were measured in the CAT quantification assay and the plate was read three times. The average CAT value was calculated for each sample and the background was subtracted. The amount of CAT in each sample was quantified in relation to the CAT standard dilution series. 

	Plasmid
	Reporter
	- dexamethasone
	+ dexamethasone

	
	
	Sample 1
	Sample 2
	Sample 3
	Sample 1
	Sample 2
	Sample 3

	pGL3.basic
	Firefly

Renilla
	30,818

1,221
	23,109

660
	47,453

595
	35,194

1,694
	32,975

2,200
	38,070

2,211

	pGL3.Akv
	Firefly

Renilla
	11,082,827

12,204
	17,089,355

16,933
	12,455,578

12,507
	25,982,247

17,463
	28,197,180

17,085
	N/A *

	pGL3.Akv.Inv
	Firefly

Renilla
	594,912

3,907,137
	746,301

4,092,342
	488,964

3,619,575
	723,749

4,883,489
	580,169

3,278,078
	964,991

6,741,049

	pGL3.Akv.dR
	Firefly

Renilla
	10,730,729

896
	9,759,049

985
	8,653,848

1150
	13,612,161

827
	13,579,346

838
	17,459,847

820

	pGL3.Akv.Inv.dR
	Firefly

Renilla
	305,960

524
	249,240

692
	190,218

440
	208,283

382
	192,417

742
	299,057

629

	PGL3.SL3-3
	Firefly

Renilla
	6,753,672

953
	7,036,102

869
	7,314,785

840
	27,966,851

911
	30,112,761

1521
	21,227,279

864

	pGL3.SL3-3.dR
	Firefly

Renilla
	8,676,114

847
	6,063,729

1075
	5,319,273

658
	16,345,014

1190
	15,212,384

867
	16,525,919

675


Table 7: CAT correlated AS and sense luciferase values in NIH-3T3 cell lysates. Data has been correlated to CAT protein amount (firefly and Renilla values from a sample were both divided by the determined amount of CAT protein for the same sample). *N/A, not available, the CAT reading was not in the linear range of the CAT calibration curve. 

When comparing the values in each triplicate series of the CAT correlated AS and sense luciferase values it seems like the variation has not decreased significantly (Table 7). In contrast, it appears as if the values in some triplicates are closer distributed, while the variation are similar or increased in other triplicates compared to the uncorrelated data set. This suggest that correlating with CAT does not minimize the experimental variations.  

However, when calculating the ratio between the expression from the induced and noninduced LTRs from the CAT correlated data set, the Akv vectors with the LTR in forward orientation was found to be induced by dex (Table 8). The  sense expression from the Akv LTR in pGL3.Akv was induced two fold, while the expression from the Akv LTR in the pGL3.Akv.dR was induced 1.5 fold (Table 8). However, the sense expression from the pGL3Akv.Inv did not seem to change significantly in the presence of dex (Table 8). The AS in pGL3Akv.Inv and pGL3.Akv might be slightly increased, while the AS expression from the Akv LTR in the pGL3.Akv.Inv.dR did not change. The sense transcription from the SL3-3 LTR in the pGL3.SL3-3.dR vector and the pGL3.SL3.3 vector increased two to four fold (Table 8).

	Plasmid
	Reporter
	Average values and standard deviations
	Ratio (+ dex / - dex)

	
	
	- dex
	+ dex
	

	pGL3.basic
	Firefly

Renilla
	33,793 12,441

825 344
	35,413 2,555

2,035 295
	-

-

	pGL3.Akv
	Firefly

Renilla
	13,542,586 3,147,346

13,881 2,647
	27,089,714 1,566,194

17,274 267
	2

1.2

	pGL3.Akv.Inv
	Firefly

Renilla
	610,059 129,335

3,873,018 238,223
	756,303 194,465

4,967,539 1,733,014
	1.3

1.3

	pGL3.Akv.dR
	Firefly

Renilla
	9,714,542 1,039,156

1,010 129
	14,883,785 2,239,996

828 9
	1.5

-

	pGL3.Akv.Inv.dR
	Firefly

Renilla
	248,473 57,875

552 128
	233,252 57,538

584 184
	0.9

-

	PGL3.SL3-3
	Firefly

Renilla
	7,034,853 280,559

887 59
	26,435,630 4,636,424

1099 367
	3.8

-

	pGL3.SL3-3.dR
	Firefly

Renilla
	6,686,372 1,762,912

860 209
	16,027,772 711,917

911 260
	2.4

-


Table 8: Average and standard deviations for the CAT correlated AS and sense luciferase values. The fold of dex induction was calculated by dividing the average value for the dex induced samples with the average for the noninduced samples after subtracting the background (the values for pGL3.basic) for each reporter.  

The sense/AS ratio was calculated for both the uncorrelated and the CAT correlated luciferase values for the Akv LTRs (Table 9) to test if the distribution would differ for the two data sets. For the uncorrelated data series the sense/AS ratio was found to be 12 to 875, while for the correlated data series the ratio was found to be 23 to 326 (Table 9). These results indicate that correlation with CAT did decrease the variation.  

Furthermore, for both data sets, the ratio of sense to AS was found to be increased for the dex induced Akv LTR, 1.5 to two fold (Table 9).

	Readings used for calculation of the ratios
	 Uncorrelated data: Sense / AS ratio
	CAT-correlated data: Sense / AS ratio

	
	- dex
	+ dex
	- dex
	+ dex

	Firefly (pGL3.Akv) /

Firefly (pGL3.Akv.Inv)
	12
	12
	23
	37

	Renilla (pGL3.Akv.Inv) / 

Renilla (pGL3.Akv)
	523
	875
	297
	326

	Firefly (pGL3.Akv.dR) /

Firefly (pGL3.Akv.Inv.dR)
	30
	43
	39
	75


Table 9: Sense/AS ratio for the Akv LTR in transfected NIH-3T3 cells. The ratio was calculated from the uncorrelated or the CAT correlated data after subtracting the background (pGL3.basic) from the readings. The values were calculated as noted in the table. 

In summary, it was found that correlating the luciferase reading to CAT protein level did in fact reveal an increase in the level of induction with dex for the Akv LTRs (however only for reporter plasmids with the LTRs in forward orientation). Furthermore, dex was found to increase the expression from the SL3-3 LTR somewhat higher than seen for the uncorrelated data.

However, it seemed that the correlation did not decrease the variation within the triplicates, although the variation of the calculated ratios of sense to AS was highly decreased. The decreased variance in the sense to AS ratios might be coincidental. 

Correlation to CAT do not seem to change the variation within triplicates 

In order to compare the variation in triplicates for the uncorrelated and correlated data series, all values in each series were divided by the mean of the three samples and these values were plotted in a diagram. Only series for actual reporter readings, and not for background readings were plotted (Figure 13).
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Figure 13: Comparison of uncorrelated and CAT correlated luciferase readings. a) Firefly data without dex, b) Firefly data with dex, c) Renilla without dex and d) Renilla with dex. The first row is uncorrelated data and the second row is CAT correlated data. The luciferase values were divided by  the mean of each triplicate series and plotted. The background was not substracted.

Comparison of the uncorrelated and correlated firefly readings showed that correlating with CAT activity decreased the distribution of values in some groups e.g. pGL3.Akv (+dex), pGL3.SL3-3 (-dex) and pGL3.SL3-3.Inv (+dex), in other groups the distribution was increased e.g. pGL3.SL3-3.Inv (-dex), pGL3.Akv.Inv (-dex) and pGL3.Akv.Inv (+dex). Furthermore, for some groups the uncorrelated data did not change the distribution e.g. pGL3.Akv.Inv.dR (-dex), pGL3.SL3-3 (+dex) and pGL3.Akv.Inv (-dex) (Figure 13 a and b). The same was observed for Renilla readings (Figure 13 c and d). 

It was expected that more of the extreme values would have a value close to 1 after being correlated. It might be that this only applies to this specific experiment, however it indicates that correlating with CAT might not be useful in minimizing the variation in triplicates. 

There might be several reasons; 1) The variance in the luciferase reading is not caused by differences in cell number or transfection efficiency, 2) The CAT reporter is not expressed to same level in the transfected cells, 3) The different vectors (luciferase, CAT and GFP) that are co-transfected are affecting or are being affected by each other's promoter and enhancer elements. 

In summary, the following have been achieved with the reporter system so far: 1) A quantitative reporter system has been developed, 2) It has been confirmed that the pGL3.SL3-3 vector has a defect Renilla gene or 3) The correlation problems have been examined (although a solution has not been found) and 4) The maximum in the window of optimal firefly luciferase readings has been determined. Furthermore, the ratio of sense to AS transcription was found to be 12 to 523 for the uncorrelated data set and 23 to 297 for the correlated data set for the noninduced Akv LTRs, while 12 to 875 and 37 to 326 for the dex induced Akv LTRs. 

Before further experiments and testing of CAT or other reporters as an internal control, new vectors had to be cloned with a functional Renilla reporter gene. 

4.2.2 Design of and experiments with pGL3.LTR.Introns vectors

Although it seemed that dex increased the expression level from the Akv LTR slightly (after correlating the data), it was speculated that the SL3-3 vectors were the most interesting vectors to do more experiments with. It was reasoned that the larger difference seen for the noninduced and induced SL3-3 LTR would also demonstrate more clearly what happens with the AS transcription when the sense transcription is induced. It might be that the low level of increased transcription level for the dex induced Akv is not sufficient to detect an effect on the AS transcription. Therefore, the objective was first of all to re-clone the SL3-3 vectors. 

However, as we came up with the idea that the reporter system would have more applications if introns flanked each side of the LTR, it was decided to redesign and clone both the Akv and the SL3-3 vector sets. The introns will be spliced out of AS and sense luciferase reporter transcripts and therefore the constructs can be used for mapping of transcription start sites in the inserted LTR.

In order to extend the use of the reporter system further and not only examine what happens to AS transcription when sense transcription is increased, vectors with an SL3-3.3xNF1 mutant LTR would also be designed and prepared. This mutant has all three NF1 sites mutated from CGG to ATT (Figure 3), and is expected to have a lower sense activity than the SL3-3 wt. Transfection studies with the mutant might answer what happens to the level of AS transcription when sense is decreased. From now on, the non mutated SL3-3 LTR will be referred to as SL3-3 wt LTR.   

4.2.2.1 Design of new vectors with introns

Three sets of vectors were designed, containing either an SL3-3 LTR, an SL3-3.3xNF1 mutant LTR or an Akv LTR. For all three LTRs, a series of three plasmids was prepared, 1) A plasmid with the LTR in forward orientation and both reporter genes, 2) A plasmid with the LTR in forward orientation and firefly, 3) A plasmid with an inverse LTR and both reporter genes (Figure 14). The vector that contained the LTR in inverse orientation and had the Renilla gene deleted (Figure 11) was thought not to be that important, and therefore the design and preparation of this vector was omitted. 
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Figure 14: Simplified schematic representation of the “+introns” plasmids that were designed. Three different vectors were prepared, each with an SL3-3 wt, an SL3-3 3xNF1 mutant or an Akv LTR inserted in between the luciferase reporter gene/s. In the vectors, the LTR was inserted in either forward or inverse orientation and Renilla was present or deleted. Furthermore, two introns (MINX and PIP7A) flanks the LTR. The vectors were named according to the elements present and deleted. The orientation of the arrows denote the sense transcription of the elements. Green arrow, LTR (either SL3-3 wt, SL3-3 3xNF1 mutant or Akv); red arrow, Renilla luciferase reporter gene; blue arrow, firefly luciferase reporter gene and dark grey, introns. The stars represent the two different luciferase activities of the reporter genes. Designed in this study.

Selecting introns for the new vectors

Two introns should be inserted in the vector, surrounding the viral LTR. Even though inserting the same intron on each side of the LTR would ensure the same splicing efficiency, there also might be a risk for the vector to recombine. 

Therefore two different introns were to be selected. The criteria for the introns were that they should 1) Have a small size as the vectors are already large in size, 2) Have a high splicing efficiency and 3) Be well known to work in different settings. The two introns, PIP7A and MINX were chosen.

The first intron, PIP7A, is a synthetic intron derived from the major late transcriptional unit of human adenovirus [Kohtz et al., 1994]. Several different studies have shown that PIP7A splices effectively [Tacke et al., 1997; Pasman et al., 1996 and Murthy and Manley, 1995]. The sequence was obtained from Thomas Birkballe Hansen. In the 5' and 3' terminal of the intron sequence two and one nucleotides from the surrounding exon sequence was retained, respectively. This would ensure efficient splicing (recommendations by TB Hansen). The size of PIP7A including the flanking exon nucleotides was 129 base pairs. 

The second intron, MINX, was chosen as it has been used in several different studies and settings [Zhang et al., 1998; Wolf et al., 2009; Miao et al., 2003 and Hauser et al., 2000]. MINX is also a synthetic intron derived from the major late transcriptional unit of human adenovirus [Niwa et al., 1990]. For MINX, the existing literature did not reveal how many nucleotides of surrounding exon sequences that was necessary for efficient splicing. Therefore, six nucleotides from the exon sequence were included on each side of the intron in this study, in order to ensure effective splicing. This was decided since statistical analyses have showed that there is consensus sequences on both sites of the splice acceptor and splice donor signal (with a length of at least two nucleotides upstream of the intron and five nucleotides downstream of the intron) [Zhang et al., 1998].  

The sequence of MINX and the surrounding exon sequence was obtained from Niwa et al., 1990. Accidentally a T was inserted at the 5' splice signal between the exon and intron sequence, when copying the sequence. This was not noticed prior to the synthesis, and therefore this extra nucleotide will be present in all designed constructs that contain the MINX intron. The size of the MINX intron including the flanking exon nucleotides was 133 base pairs.

The full sequences of PIP7A and MINX are given in Appendix III.

Design of an SL3-3 LTR wt insert with introns and unique restriction sites

As it would save a lot of time and work to have the complete insert, intron-LTR-intron synthesized at a company, we decided to design a SL3-3 wt insert with flanking introns and have the full sequence synthesized. The design should allow easy replacement of the original LTR inserts in the pGL3.LTR vectors with the new insert. Furthermore, it was important that the LTR in the new vectors could be easily replaced while retaining the introns with the backbone of the vector.

As the SL3-3 wt vectors were prioritized the insert was designed having this LTR in between the intron. The SL3-3 LTR sequence was copied from the original SL3-3 vector (pGL3.SL3-3) and the intron sequences were obtained as described in 4.2.2.1. The new LTR insert, termed “MINX.SL3-3.PIP7A” was designed in CLC workbench (Figure 15). It was randomly decided which intron that was placed in front of each reporter gene. Only the LTR (and not the introns) are flipped in the inverse version of the vector. Therefore, the same intron is matched with the same reporter gene in all vectors in order to avoid unnecessary changing parameters.
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Figure 15: Schematic overview of the MINX.SL3-3.LTR.PIP7A insert. The SL3-3 wt LTR is surrounded by two synthetic introns, MINX in the 5' end and PIP7A in the 3' end. The arrows denote the orientation of the different elements. The position of the four unique restriction sites are shown in different colours corresponding to figure 16; yellow, MluI; blue, NheI; green, EcoRI; pink, BglII. Designed in this study.

PIP7A was placed after the 3' end of the SL3-3 wt LTR, while MINX was inversed and placed prior to the 5' end of the SL3-3 wt LTR (Figure 15). Restriction sites were added in the terminal ends flanking the introns (MluI and BglII), matching restriction sites surrounding the LTR in the pGL3.LTR vectors (Figure 22, section 8.7). Therefore, the new MINX.SL3-3.PIP7A insert could be inserted in the pGL3.LTR vectors by a single digestion and ligation step. To make replacement of the LTRs easy, additional unique restriction sites were placed between the introns and the SL3-3 wt LTR (NheI and EcoRI) (Figure 15). The MINX.SL3-3.PIP7A insert was synthesized at Genscript (Genscript is a gene synthesis company and can be accessed at http://www.genscript.com/) and delivered inserted in the EcoRV restriction site in pUC57. The complete sequence of MINX.SL3.3.PIP7A is given in Appendix III.

Preparation of vectors with two introns 

The “MINX.SL3-3.PIP7A” fragment (Figure 15) was removed from the pUC57 vector and replaced with the LTR in the original Akv vectors (pGL3.Akv and pGL3.Akv.dR). 

In order to obtain DNA fragments with the right overhangs, the procedure was to digest pUC57 (MINX.SL3-3.PIP7A) and the Akv constructs with MluI and Bglll. Thereafter ligation was performed with the MINX.SL3-3.PIP7A fragment and the  Akv vector backbones and the two SL3-3 wt vectors, pGL3.SL3-3.Introns and pGL3.SL3-3.dR.Introns were obtained. These vectors served as backbone vectors for the remaining vectors. The pGL3.SL3-3.Introns vector is shown in figure 16, with all the elements indicated including the LTR, the introns, the reporter genes, polyA signal and elements necessary for amplification in bacteria.
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Figure 16: Vector map of the designed pGL3.SL3-3.Introns plasmid. The vector contains the same elements as the original pGL3 vectors: CoLE1 derived repeat (rep.) region, ampicilin resistance (r), f1 origin and polyA sites in addition to the LTR and the luciferase reporter genes, Renilla and firefly. Furthermore, introns are placed on both sides on the inserted LTR. The vector was designed to have unique restriction sites surrounding the LTR and the introns. The restriction sites are shown in different colours; yellow, MluI; blue, NheI; green, EcoRI and pink, BglII. The figure was made using CLC work bench. 

The remaining LTR inserts were obtained as follows. The Akv and the SL3-3.3xNF1 mutant LTR inserts were amplified with specific primers introducing flanking NheI and EcoRI restriction sites in the 5' and the 3' end of the LTR, respectively. The Akv inverse, SL3-3 wt inverse and SL3-3.3xNF1 mutant inverse LTR inserts were amplified with another set of primers introducing the same restriction sites, however flanking the opposite terminals of the LTR, EcoRI in the 3' end and NheI in the 5' end of the LTR. 

After obtaining the complete set of LTR inserts they were replaced with the SL3-3 wt LTR in the two background vectors (pGL3.SL3-3.Introns and pGL3.SL3-3.dR.Introns). Since, the restriction sites that were introduced in the terminal ends of the PCR amplified LTR inserts were identical to restriction sites in the designed “MINX.SL3-3.PIP7A” fragment located between the LTR and the introns the replacement was done in a single digestion, ligation step. The result was a set of vectors (nine in total), all having a complete LTR flanked by introns.  

4.2.2.2. Pilot experiment with new pGL3.LTR.Introns vectors

After obtaining the first two vectors, pGL3.SL3-3.Introns and the pGL3.SL3-3.dR.Introns, pilot transfection experiments in both HEK-293 and NIH-3T3 cells showed that the Renilla luciferase reporter was now expressed (results are not shown). Furthermore, dex was found to induce the SL3-3 LTR two to three times (as shown in prior experiments). It seemed that the Renilla expression (AS transcription) was also induced slightly by dex. As the experiment was mostly conducted in order to verify that the Renilla gene was functional in these vectors, the data was not processed or correlated to CAT protein level. However, this experiment conclusively demonstrated that the Renilla gene was defect in the original pGL3.SL3-3 and pGL3.SL3-3.dR vectors and that the lack of Renilla expression in these vectors was not caused by a biological difference between the Akv and SL3.3 LTRs. 

4.2.2.3 Mapping of transcription start sites in the LTR of SL3-3 

HEK-293 cells seeded in a T25 flask were transfected with the pGL3.SL3-3.Introns construct and cultured for 48 hours. Dex was not added. Immediately after harvesting the cells, RNA was used for 5'RACE. The resulting RACE cDNA was used for PCR amplification with Renilla.rev (AS transcripts) or firefly.rev (sense transcripts) combined with the oligo.forw primer which anneals to the 5' end of all 5' RACE cDNAs. Two round of PCRs were performed, non nested and nested. When analysing these PCRs on an agarose gel, a distinct band was seen for the viral induced sense luciferase transcripts. However for AS luciferase amplicons, a smear was seen (Figure 17). The smear was expected as AS transcription has been found to initiate at several sites in the LTR of MLVs [Rasmussen et al. 2010 and Liu, 2009], while for sense transcription one major transcript was expected as transcription is controlled by a TATA box.

The amplified PCR products (Figure 17) were TOPO cloned and amplified in DH5a cells. Positive clones were found using colony-screening, minipreparations were made and plasmids were sequenced. 

TOPO4 vector specific primers were used in the colony-PCR. If the amplicons had the expected size (estimated from the gel picture with the PCRs that were TOPO cloned) all were sequenced, also using a TOPO4 specific primer.

Sequenced transcripts were evaluated based on three criteria and one point was given for each criteria met: 1) The first nucleotide in the 5' end of the transcript should be a purine (+1 position), 2) The last nucleotide upstream of the initiation site (-1 position) should be a pyrimidine and 3) The transcript should have had the intron removed by splicing. The transcripts would then have a score from 0-3 points.   
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Figure 17: PCR amplification of LTR induced luciferase transcripts. AS transcripts reading into the Renilla gene were amplified with the oligo.forw primer combined with a Renilla.rev primer (not nested or nested), while sense transcripts reading into the firefly gene were amplified with the oligo.forw primer combined with a firefly.rev primer (not nested or nested). (-) control, negative control with ddH20 added instead of template. AS, antisense;  RT, reverse transcriptase. 

The first two criteria were set as the preferred consensus for the transcription initiation site of polymerase II is a pyrimidine-purine dinucleotide (C/T, G/A) situated at position (-1, +1) relative to the transcription start site [Carninci et al., 2006], while the last criteria of splicing is what makes it possible to distinguish between cDNA and plasmid DNA contamination. A transcript with at least two points was regarded as being highly likely to be a true transcript. Therefore, if unspliced transcripts were detected, these were still approved if the transcript initiation site followed the consensus pyrimidine-pyrine dinucleotide. 

In table 10 the transcription start sites of the sequenced AS and sense luciferase transcripts are listed. Furthermore, the region where the initiation site is located, how many points the transcripts is given and the prevalence is also listed. For sense transcripts if was found that half of the transcripts (14 out of 28) were initiated at two sites with a distance of two nucleotides, at the border between U3 and R (see Figure 18). 

Furthermore, 26 out of 28 transcript were initiated in a window of 71 base pairs. All the detected transcripts (except two) were spliced at the splice donor site downstream of the SL3-3 wt LTR in PIP7A (position 2001 in the pGL3.SL3-3.Introns vector) to the splice acceptor site in PIP7A (at position 2127 in the pGL3.SL3-3.Introns vector). The two exceptions are the transcripts initiated at positions 265 and 342 in the SL3-3 wt LTR, which used an alternative splice donor site in the SL3-3 wt LTR (at position 460 in the U3 region) and were spliced to the splice acceptor site in PIP7A as the rest of the transcripts. 

For AS transcripts, it was found that the three sequenced transcripts were initiated at two sites with a distance of four nucleotides (Figure 18). Both transcripts were spliced at a splice donor site in the LTR at position 322 in the U3, immediately downstream of the repeat regions (Figure 4) to the splice acceptor site in MINX (position 1235 in the pGL3.SL3-3.Introns vector). The reason why no more AS transcript were sequenced is that only 1/10 clones were found to be related to Renilla. Although different method were employed in trying to optimize the PCR, with different annealing temperatures, touchdown PCR settings, preheating of the PCR machine, alternative primers and nested PCRs nothing seemed to work. Furthermore, a selection procedure for the TOPO clones was difficult to develop as some transcripts might be deselected in this way. 

	Transcripts
	TTS (vector)
	TTS (LTR)
	Region of LTR
	-1 / +1
	Spliced
	Points
	Prevalence 

	Sense 
	1633-1828
	265-460
	U3
	C / G
	Yes
	3
	1/28

	
	1710-1828
	342-460
	U3
	G / A
	Yes
	2
	1/28

	
	1821
	453
	U3
	T / A
	Yes
	3
	1/28

	
	1823
	455
	U3
	T / A
	Yes
	3
	2/28

	
	1824
	456
	U3
	A / A
	Yes
	2
	1/28

	
	1832
	464
	U3
	T / A
	Yes
	3
	1/28

	
	1841
	473
	U3
	C / A
	Yes
	3
	1/28

	
	1848
	480
	U3/R
	G / G
	Yes
	2
	4/28

	
	1850
	482
	U3/R
	C / G
	Yes
	3
	10/28

	
	1855
	487
	R
	C / A
	Yes
	3
	1/28

	
	1858
	490
	R
	C / A
	No
	2
	1/28

	
	1863
	495
	R
	C / G
	Yes
	3
	3/28

	
	1892
	524
	R
	T / A
	Yes
	3
	1/28 

	AS 
	1870-1770
	502-322
	R
	C / A
	Yes
	3
	2/3

	
	1874-1770
	506-322
	R
	G / A
	Yes
	2
	1/3


Table 10: Sense and AS transcript initiated in the SL3-3 wt LTR in the pGL3.SL3-3.Introns construct. The transcription start sites (in both the pGL3.SL3-3.Introns vector sequence in the SL3-3 LTR) and the LTR region in which the initiation site is located in is listed. Furthermore, the nucleotides at position -1/+1 is given and it is listed if the transcript is spliced, how many points each transcripts were given and the prevalence. TSS, transcription start site.

Furthermore, it was found that only three out of nine transcripts “AS transcripts” were initiated in the SL3-3 wt LTR. The remaining six transcripts were initiated at other sites in the pGL3.SL3-3.Introns vector construct. It is believed that these odd transcripts were initiated at sites in the vector having low promoter activity and then picked up by the acceptor splice signal in the MINX intron, maybe though a LTR enhancer induced effect. In comparison, for sense transcripts only 3 out of 31 transcripts were found to be originating at an odd site. A background sense transcription level of 10 % was thought to be acceptable.

Based on these results it was concluded that the pGL3.SL3-3.Introns vector (and probably also the remaining vectors in this series) was suitable for investigating transcription start sites, but the AS transcription background was too high for obtaining an accurate ratio of sense and AS transcription in transfection studies were the luciferase were to be measured. If the Renilla transcripts that are initiated at odd sites are templates for synthesis of the Renilla reporter protein, the background level of Renilla expression would be higher than the actual AS induced Renilla expression. 

Therefore, the final conclusion was that new vectors had to be cloned in which the MINX introns were deleted. It was believed that removing the MINX intron would eliminate the problem as it seemed to be caused by the acceptor splice signal in MINX. 

Time did not allow further optimization of the Renilla PCR or transcription start site mapping for the SL3-3.3xNF1 mutant or Akv LTR constructs. 
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Figure 18: AS and sense transcription start sites in the SL3-3 wt LTR in transfected HEK-293 cells. The U3, R and U5 regions are shown and the arrows on these three elements denote the orientation of normal viral transcription. The AS and sense transcripts are depicted with small arrowheads; blue arrowheads denote the initiation of sense transcription start sites, while the red arrowheads denote the initiation sites of AS transcription. The orientation of the arrows indicate the transcription direction. The numbers above the arrowheads indicate the exact start site in the SL3-3 wt LTR. The two sense transcripts initiated far upstream in the U3 region (265-460 and 342-460) are not spliced at the PIP7A splice donor site, instead they are spliced at position 460 in the LTR, in the U3 close to the U3–R region border. Likewise, the two AS transcripts initiated at position 502 and 506 are not spliced at the upstream MINX intron, instead they are spliced at position 322, immediately downstream of the repeat region.

4.2.3 Preparation of and experiments with pGL3.LTR.Introns.dM vectors

In order to obtain new reporter plasmids for quantification of sense and AS transcription in the luciferase assay, MINX had to be deleted in all nine vectors. As the MINX intron is surrounded by two restriction enzymes, MluI and NheI, it was thought that removing the MluI – NheI fragment and subsequently do blunt end ligation would be the simplest method for obtaining the nine vectors with MINX deleted. It would be preferably to digest with an additional restriction enzyme cleaving in the internal part of MINX and thereby minimizing the risk of re-ligation. However, due to the short length of MINX it was not possible to find a unique restriction site in the internal sequence, which was not also present in the backbone of the vector.

Therefore, the MINX intron was removed from the vectors by digesting with MluI and NheI. The gel-purified vectors  were then gap-filled and blunt-end ligated. The vectors were amplified in DH5a cells, and colonies were screened by colony-PCR with primers annealing around the deleted MINX intron (Renilla forw. combined with V2620). The size of the PCR amplicon would then verify if the intron of approximately 135 base pair had been removed.

However in addition to deletion of MINX, it was also preferably to preserve the NheI restriction site (located between the MINX intron and the LTR, figure 15), as sites necessary for the easy replacement of the LTR would then still be available, in case it should be necessary to make other changes in the vectors in the future. 

Although a G is lost in the NheI site when digesting the vector, the G will be substituted by a G from the end digested with MluI. However this depends on blunt ligation of the vector ends where extra nucleotides is not lost during digestion and extra nucleotides is not gained when the polymerase fills in the gaps. 

Therefore, mini-preparations were prepared for clones having the correct size of insert and these were analysed for the presence of NheI by digestion with EcoRI and NheI to see if the NheI site had been preserved. 

Together, these two analyses (colony-screening and digestion of mini-preparations) could confirm removal of the 135 base pairs MINX sequence and the presence of the NheI restriction site. All nine plasmids with the MINX deleted (Figure 19) were obtained in this way.
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Figure 19: Simplified schematic representation of the “deleted-MINX” (dM) plasmids that were designed. Three different vectors were prepared with a MINX intron deleted, each with an SL3-3 wt, SL3-3 3xNF1 mutant or an Akv LTR inserted in between the luciferase reporter gene/s. In the vectors, the LTR was inserted in either forward or inverse orientation and Renilla was present or deleted. PIP7A still flanks the LTR at the LTR – firefly border. The vectors were named according to the elements present and deleted. The arrows denote the sense transcription of the elements. Green arrow, LTR (either SL3-3 wt, SL3-3 3xNF1 mutant or Akv); red arrow, Renilla luciferase reporter gene; blue arrow, firefly luciferase reporter gene and dark grey, introns. The stars represent the two different luciferase activities of the reporter genes. Designed in this study.

These new vectors were expected to be suitable for transfections and subsequently luciferase readings of the AS and sense reporter proteins. Therefore a large transfection study was set up, for all vectors and in both HEK-293 and NIH-3T3 cells. 

4.2.3.1 Investigating sense and antisense reporter protein level in transfected cells

In order to investigate the level of sense and AS expression from the SL3-3 et, SL3-3 3xNF1 mutant and the Akv, the new set of plasmids (-MINX) were transfected into both HEK-293 and NIH-3T3 cells in six well trays. 

Cells were co-transfected with a GFP expressing plasmid as usual, however they were not co-transfected with a CAT expressing plasmid due to an experimental mistake. For each type of vector six independent transfections were made and dex was added to half of the wells. Before measuring the luciferase activity, cell lysates were diluted 10 or 20 times. The mean values (not correlated) were calculated for all transfection triplicates and these values are listed in Table 11 and 13 along with standard deviations. As the CAT vector was not co-transfected, it was not possible to test if  correlation of this data set would decrease or have no effect on the variation between triplicates (the result obtained in section 4.2.1.4, indicated that CAT correlation did not decrease the variation within triplicates, although it changed the level of dex induction and the sense/AS ratio). As values have not been corrected in relation to experimental variations, differences in transfection efficiency (especially for NIH-3T3 cells as they are more difficult to transfect than HEK-293 cells), viability, differences in pipetting volumes and efficiency of cell lysis influences the results.  

The unprocessed luciferase data for both HEK-293 and NIH-3T3 cells are given in Appendix V (A and B). 

The luciferase readings for both HEK-293 and NIH-3T3 cells were found to be much lower than expected (Table 11 and 13) and therefore the readings for Renilla AS expression is not much higher than the background (pGL3.basic) for some samples, which might increase the uncertainty for these values further. Below, the results from the transfection studies are presented, first for HEK-293 cells and afterwards for NIH-3T3 cell.

MLV antisense and sense regulation in transfected HEK-293 cells

When comparing sense expression from the noninduced SL3-3 wt, SL3-3 3xNF1 mutant and the Akv LTRs in transfected HEK-293 cells (Table 11) the following was observed: 

I. The noninduced sense expression from the SL3-3 LTR in the pGL3.SL3-3.Introns.dM is very low compared with expression from all other constructs in the series, therefore the luciferase values for this vector is omitted in the following comparison*.

II. Mutating the NF1 sites do not seem to change the noninduced sense expression from the SL3-3 LTR (when omitting the luciferase values for pGL3.SL3-3.Introns.dM), while the readings for AS transcription have a too high distribution to tell if the level of expression is changed compared to SL3-3 wt.

III. The noninduced Akv sense expression is similar to the expression from the SL3-3 and SL3-3 3XNF1 mutant.

IV. AS transcription (apart from the low Renilla reading for the pGL3.SL3-3.Introns.dM) seems to be highest for the Akv LTR and lowest for the SL3-3 3xNF1 mutant.

*The low expression from the SL3-3 LTR was not seen in previous experiments with the original pGL3.SL3-3 vector (Table 8), therefore it is suspected that there is either a problem with the vector that was not noticed when it was sequenced or that a wrong amount of plasmid was prepared for transfections. 

The fold of dex induction (+dex/-dex) is also listed in table 11. This was calculated by subtracting the background from the respective values, and then setting the (-dex) samples to 1. The fold of dex induction in HEK-293 cells (Table 11) was found to be similar to what has been observed earlier in this study for the Akv and SL3-3 LTRs in NIH-3T3 cells (Table 8). The following was observed: 

I. The sense expression from the SL3-3 wt was increased two to four fold when the LTR was induced with dex and AS transcription was also induced two fold with dex. 

II. The sense and AS expression from the SL3-3 3xNF1 mutant was only slightly increased by dex (as the standard deviations are somewhat high, this might not be a significant increase).

III. The dex induced Akv sense expression is increased two to three fold, while the AS expression seemed to be slightly increased. 

	Plasmid
	Reporter
	Function
	- dex
	+ dex
	+ dex / - dex

	pGL3.basic
	Firefly
	Background
	358 ±51
	377 ±13
	-

	
	Renilla
	Background
	207 ±65
	211 ±31
	-

	pGL3.SL3-3.Introns.dM
	Firefly
	Sense 
	126,381 ±30,889
	369,432 ±37,174
	2.9

	
	Renilla
	Antisense
	851 ±59
	1,440 ±267
	1.9

	pGL3.SL3-3.dR.Introns.dM
	Firefly
	Sense
	534,737 ±66,437
	1,115,698 ±76,830
	2.1

	
	Renilla
	Background
	331 ±139
	252 ±19
	-

	pGL3.SL3-3.Inv.Intron.dM
	Firefly
	Antisense
	9,057 ±1,455
	17,513 ±4,043
	2.0

	
	Renilla
	Sense
	70,790  ±6,224
	284,271 ±57,000
	4.0

	pGL3.SL3-3.3xNF1mut.Introns.dM
	Firefly
	Sense 
	457,477 ±112,673
	563,804 ±49,270 
	1.2

	
	Renilla
	Antisense
	1,258  ±193
	1,467 ±166
	1.2

	pGL3.SL3-3.3xNF1mut.dR.Introns.dM
	Firefly
	Sense
	514,667 ±67,677
	788,941 ±6,803
	1.5

	
	Renilla
	Background
	305 ±39
	349 ±94
	-

	pGL3.SL3-3.3xNF1mut.Inv.Intron.dM
	Firefly
	Antisense
	4,248 ±528
	5,808 ±703
	1.4

	
	Renilla
	Sense
	45,774 ±7,693
	108,428 ±9,356
	2.4

	pGL3.Akv.Introns.dM
	Firefly
	Sense 
	557,302 ±10,777
	935,743 ±64,231 
	1.7

	
	Renilla
	Antisense
	1,432 ±84
	1,971 ±121
	1.4

	pGL3.Akv.dR.Introns.dM
	Firefly
	Sense
	390,671 ±21,440
	924,250 ±72,076
	2.4

	
	Renilla
	Background
	316 ±36
	359 ±111
	-

	pGL3.Akv.Inv.Intron.dM
	Firefly
	Antisense
	13,100 ±1,319
	17,789 ±4,655
	1.4

	
	Renilla
	Sense
	72,885 ±8,007
	203,542 ±46,200
	2.8


Table 11: AS and sense luciferase readings in transfected HEK-293 cells. Values have not been correlated to an internal control. Each value is the average of three independent readings of three independent transfections, the background was not subtracted from the average values. Following this average, the standard deviation is noted. Cell lysates were diluted 20 times prior to luciferase readings. The ratio was calculated after subtracting the background activity (pGL3.basic). Values (-dex) were set at one, and the values (+dex) were then calculated.

It seems like there is some co-regulation of sense and AS transcription for MLVs in at least HEK-293 cells. However, this is most distinct for the SL3-3 wt. As both the SL3-3.3xNF1 mutant and the Akv LTR is not as inducible with dex as the SL3-3 wt LTR, this might indicate that a high level of LTR induction is required for observing changes in the AS expression level. 

In order to examine the relationship between sense and AS the sense/AS ratios were calculated for the luciferase readings in HEK-293 cells (Table 12). The sense/AS ratios were found to be very variable, however it seems that the sense to AS ratio is highest for the SL3-3 wt and lowest for the Akv LTR. When looking at all three LTRs the common level of noninduced sense/AS is 14 to 116 fold. This is similar to the result obtained from correlated data from transfections with the noninduced original pGL3.LTR vectors in NIH-3T3 cells, which was found to be 23 to 297 (Table 9). 

In SL3-3 wt and Akv the sense/AS ratio seem to increase when dex is present from 14-109 to 22-231 and 44-59 to 53-116, respectively. For the SL3-3.3xNF1 mutant, dex does not seem to have an effect on the ratio between sense and AS transcription. However, the SL3-3.3xNF1 mutant LTR was activated to a very low degree in the presence of dex which might be an explanation (table 12).

	Readings used for calculation of the ratios
	LTR
	        Sense / AS Ratio

	
	
	- dex
	+ dex

	Firefly (pGL3.SL3-3.Introns.dM) / 

Firefly (pGL3.SL3-3.Inv.Introns.dM)
	SL3-3
	14*
	22*

	Renilla (pGL3.SL3-3.Inv.Introns.dM) / 

Renilla (pGL3.SL3-3.Introns.dM)
	SL3-3
	109**
	231**

	Firefly (pGL3.SL3-3.3xNF1mut.Introns.dM) / 

Firefly (pGL3.SL3-3.3xNF1mut.Inv.Intron.dM)
	SL3-3.3xNF1 Mutant
	114
	104

	Renilla (pGL3.SL3-3.3xNF1mut.Inv.Intron.dM) / 

Renilla (pGL3.SL3-3.3xNF1mut.Introns.dM) Mut
	SL3-3.3xNF1 Mutant
	17
	86

	Firefly (pGL3.Akv.Introns.dM) /

Firefly (pGL3.Akv.Inv.Intron.dM)
	Akv
	44
	 53

	Renilla (pGL3.Akv.Inv.Intron.dM) / 

Renilla (pGL3.Akv.Introns.dM)
	Akv
	59
	116


Table 12: Sense/AS ratio for SL3-3 wt, SL3-3.3xNF1.mut and Akv in transfected HEK-293 cells. The background (pGL3.basic) was subtracted from the luciferase readings and in the first column it is noted how the sense/AS ratios were calculated. *The firefly readings for the cells transfected with the pGL3.SL3-3.Introns.dM were very low for an unknown reason, however this could make this value falsely low.  **As the firefly readings from pGL3.SL3-3.Introns.dM transfected cells were lower than expected, this value might be falsely high. 

In conclusion, the luciferase data in HEK-293 cells indicates that there is a tendency toward co-regulation of AS and sense transcription (Table 11 and 12). Furthermore, mutating the NF1 sites do not decrease the expression from the LTR in HEK-293 cells, as expected. However, mutating the NF1 sites impedes the dex induction both in sense and AS orientation. Furthermore, the ratio between AS and sense transcription was determined to be 14 to 109 for the noninduced MLV LTRs and 22 to 231 for the dex induced MLV LTRs. 

MLV antisense and sense regulation in transfected NIH-3T3 cells

When comparing sense expression from the noninduced SL3-3 wt, SL3-3 3xNF1 mutant and the Akv LTRs in NIH-3T3 cells (Table 13) the following was are observed: 

I. The noninduced sense expression from the SL3-3 LTR in the pGL3.SL3-3.Introns.dM is very low compared with expression from all other constructs, as seen for transfections in HEK-293 cells (13) and is again omitted from the comparison.

II. Mutating the SL3-3 NF1 sites lowers the noninduced sense expression five to eight fold and lowers the AS transcription ten fold compared to SL3-3 wt. 

III. The noninduced Akv sense expression is two fold higher than SL3-3 wt, while the noninduced AS expression is three to four fold higher than for SL3-3

As the problem with the low pGL3.SL3-3.Introns.dM readings is seen in both HEK-293 and NIH-3T3 cells (Table 11 and 13) it strongly indicates that there is a problem with the vector or that a too low amount of plasmid was prepared for transfections. Therefore the readings from transfections with the pGL3.SL3-3.Introns.dM construct will be disregarded. 

The fold of dex induction of the LTRs in transfected NIH-3T3 cells (Table 13) was found to be quite different from what was seen in transfected HEK-293 cells (Table 12): 

I. The sense expression from the SL3-3 wt is only increased one to two fold when the LTR is induced with dex, while AS expression is increased two to three fold.

II. The sense and AS expression from the SL3-3 3xNF1 mutant is decreased 0.5 to 1 fold by dex.

III. The dex induced Akv sense expression and AS expression seem to be lower or unchanged.  

	Plasmid
	Reporter
	Function
	- dex
	+ dex
	+ dex / - dex

	pGL3.basic
	Firefly
	Background
	516 ±240
	450 ±201
	-

	
	Renilla
	Background 
	244 ±45
	244 ±30
	-

	pGL3.SL3-3.Introns.dM
	Firefly
	Sense 
	450,039 ±326,892
	983,059 ±189,874
	2.2

	
	Renilla
	Antisense
	1,237 ±444
	3,002 ±161
	2.8

	pGL3.SL3-3.dR.Introns.dM
	Firefly
	Sense
	2,441,955 ±1,521,298
	2,010,958 ± 834,255
	0.8

	
	Renilla
	Background 
	358 ±216
	249 ±20
	-

	pGL3.SL3-3.Inv.Introns.dM
	Firefly
	Antisense
	146,633 ±27,478
	314,672 ±73,517
	2.1

	
	Renilla
	Sense
	1,295,367 ±45,409
	3,140,975 ±105,744
	2.4

	pGL3.SL3-3.3xNF1mut.Introns.dM
	Firefly
	Sense 
	374,461 ±66,786
	151,939 ±53,730 
	0.4

	
	Renilla
	Antisense
	911 ±69
	976 ±72
	1.1

	pGL3.SL3-3.3xNF1mut.dR.Introns.dM
	Firefly
	Sense
	547,051 ±107,467
	309,181 ±290,107
	0.6

	
	Renilla
	Background
	259 ±18
	268 ±31
	-

	pGL3.SL3-3.3xNF1mut.Inv.Introns.dM
	Firefly
	Antisense
	15,064 ±4,860
	6,595 ±5,051
	0.4

	
	Renilla
	Sense
	153,648 ±14,858
	160,550 ±97,352
	1.0

	pGL3.Akv.Introns.dM
	Firefly
	Sense 
	3,940,224 ±1,123,307
	2,328,376 ±1,317,198
	0.6

	
	Renilla
	Antisense
	4,730 ±491
	3,810 ±1002
	0.8

	pGL3.Akv.dR.Introns.dM
	Firefly
	Sense
	4,990,909 ±435,194
	2,779262 ±1,185,556
	0.6

	
	Renilla
	Background
	462 ±17
	606 ±139
	-

	pGL3.Akv.Inv.Intron.dM
	Firefly
	Antisense
	645,745 ±2,993
	176,567 ±45,702
	0.3

	
	Renilla
	Sense
	2,689,645 ±402,698
	2,959,955 ±758,428
	1.1


Table 13: As and sense luciferase readings in transfected NIH-3T3 cells. Values have not been correlated to an internal control. Each value is the average of three independent readings of three independent transfections. The background was not subtracted from the average values Following this average, the standard deviation is noted. The ratio was calculated after subtracting the background activity (pGL3.basic). Values (-dex) were set at one, and the values (+dex) were then calculated. Cell lysates were diluted 10 times prior to luciferase readings. 

Although these results are different from the results in transfected HEK-293 cell, they also indicate that AS/sense in co-regulated. However, for all triplicates a high variance was seen and therefore also a high standard deviation. As mentioned earlier, this was expected for NIH-3T3 cells as they are more difficult to transfect. The fact that dex seemed to have a much lower effect on inducing sense transcription in Akv and SL3-3 wt compared to the HEK-293 cells might be caused by the lack of correlation. As seen in previous experiments in this study (Table 8), correlation might change the level of dex induction significantly. 

Since the readings on HEK-293 and NIH-3T3 lysates were performed in two independent rounds, the absolute values cannot be compared.

In order to examine the relationship between sense and AS the sense/AS ratios were calculated for the luciferase readings in NIH-3T3 cells (Table 13). The sense/AS ratios were found to be very variable as seen in transfection with HEK-293 cells (Table 12), however when keeping in mind that the readings for the pGL3.SL3-3.Introns.dM vector was  several fold lower than expected the variation would decrease significantly if this was adjusted. 

If disregarding the values calculated for the SL3-3 wt, and looking at the SL3-3.3xNF1 mutant and the Akv LTRs the common level of noninduced sense/AS is 6 to 600 fold. This is higher than was seen for in HEK-293 cells (17-114). 

However when looking at the dex induced ratio the common level of sense/AS is 13 to 219, which is highly similar to what was observed in HEK-293 cells which had a sense/AS ratio of 22 to 231. All values, except the noninduced sense/AS ration calculated by the Renilla values for the Akv LTR seem to be similar in the noninduced and the induced state (Table 14). These data indicate, although the standard deviations are high, that the AS and sense transcription are co-regulated in both SL3-3 wt, SL3-3.3xNF1 mutant and in the Akv LTR.

	Readings used for calculation of the ratios
	LTR
	     Sense / AS Ratio

	
	
	- dex
	+ dex

	Firefly (pGL3.SL3-3.Introns.dM) / 

Firefly (pGL3.SL3-3.Inv.Introns.dM)
	SL3-3
	3*
	3*

	Renilla (pGL3.SL3-3.Inv.Introns.dM) / 

Renilla (pGL3.SL3-3.Introns.dM)
	SL3-3
	1304*
	1139*

	Firefly (pGL3.SL3-3.3xNF1mut.Introns.dM) / 

Firefly (pGL3.SL3-3.3xNF1mut.Inv.Introns.dM)
	SL3-3.3xNF1 Mutant
	26
	25

	Renilla (pGL3.SL3-3.3xNF1mut.Inv.Introns.dM) / 

Renilla (pGL3.SL3-3.3xNF1mut.Introns.dM) Mut
	SL3-3.3xNF1 Mutant
	230
	219

	Firefly (pGL3.Akv.Introns.dM) /

Firefly (pGL3.Akv.Inv.Introns.dM)
	Akv
	6
	13

	Renilla (pGL3.Akv.Inv.Introns.dM) / 

Renilla (pGL3.Akv.Introns.dM)
	Akv
	600
	49


Table 14: Sense / AS ratio for SL3-3 wt, SL3-3.3xNF1 mutant and Akv  in transfected NIH-3T3 cells. The background (pGL3.basic) was subtracted from the luciferase readings and in the first column it is noted how the ratios were calculated. *As the luciferase readings from pGL3.SL3-3.Introns.dM transfected cells were five fold lower than expected the ratio calculated fro the firefly values might be falsely low, while the ratio calculated from the Renilla values might be falsely high.

In conclusion, the luciferase data from transfections in NIH-3T3 cells suggest that AS and sense regulation are more complex in these cells compared with HEK-293 cells (Table 13 and 14). 

Furthermore, when mutating the NF1 sites the expression from the SL3-3 LTR in NIH-3T3 cells is decreased, and it is clear that these mutations impeded the dex induction of both sense and AS expression. For SL3-3 wt it also seems like AS and sense are co-regulated as both are induced two fold when induced by dex. The data for the Akv LTRs are more difficult to interpret as no dex induction seem to happen.

Furthermore, the ratio between AS and sense transcription was determined to be 6 to 600 for the noninduced LTRs and 13 to 219 for the dex induced LTRs. 

It might be that decreasing the variation could give better results. Therefore, it was speculated that correlating firefly values to Renilla values (for the same transfection sample) could minimize differences in the triplicates.

Correlation of the luciferase readings to the luciferase vector itself 

In order to test if the variation of the sense to AS ratio could be reduced by doing correlation of firefly values to Renilla values these values were plotted for readings from both HEK-293 cells and NIH-3T3 cells (Figure 20). The absolute values are lost in this process, however it might be a more accurate way of determining if AS and sense are co-regulated. Firefly, Renilla and firefly/Renilla (for vectors with the LTR in forward orientation)  or Renilla/firefly (for the vectors with the inverse LTR) values were divided by the mean value for each triplicate and plotted (Figure 20). 
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Figure 20: Correlation of firefly to Renilla or Renilla to firefly.  a) HEK-293 cells (-dex), b) HEK-293 cells (+dex), c) NIH-3T3 cells (-dex) and d) NIH-3T3 cells (+dex). Firefly, Renilla and firefly / Renilla (for vectors with the LTR in forward orientation)  or Renilla / firefly (for the vectors with the inverse LTR) values have been divided by the mean value for each triplicate. First column, firefly; second column Renilla; third column firefly/Renilla or Renilla/firefly. The background was not subtracted as these calculations were only done to test if this method will give less variation. The vectors are not denoted by their full names; SL3-3, pGL3.SL3.3.Introns.dR; SL3-3.Inv., pGL3.SL3-3.Inv.Introns.dR; SL3-3.3xNF1mut, pGL3.SL3-3.3xNF1mut.Introns.dR; SL3-3.3xNF1mut.Inv, pGL3.SL3-3.3xNF1mut.Inv.Introns.dR ;Akv, pGL3.Akv.Introns.dR; Akv.Inv., pGL3.Akv.Inv.Introns.dR.

When comparing the columns for each vector it seems that the variation is not decreased significantly when correlating to the luciferase vector itself. While some readings have a distribution closer to one when correlated in this way e.g. the dex induced NIH-3T3 values for the pGL3.SL3-3.3xNF1mut.Inv.Introns.dM vector and the noninduced HEK-293 values for pGL3.SL3-3.3xNF1mut.Introns.dM, most values are unchanged. Therefore, it was reasoned that it would not make sense to correlate the data set in this way. 

Repeated AS and sense readings on undiluted HEK-293 and NIH-3T3 cell lysates 

In order to test if the fold of dex induction would change if the cell lysates were not diluted causing the low Renilla values to get more accurate relative to background, randomly picked samples from the transfected HEK-293 and NIH-3T3 cells were selected and the luciferase readings were repeated with nondiluted cell lysates. The results are listed in Table 16. The unprocessed results are listed in Appendix V (C).

	Cell lysate
	Plasmid
	Reporter
	Function
	 -dex
	+dex
	+dex / -dex

	HEK-293
	pGL3.SL3-3.Introns.dM
	Firefly
	Sense
	7,922,060 195,109
	17,691,165 1,575,868
	2.2

	
	
	Renilla
	Antisense
	17,769  2140
	30,437 3,323
	1.7

	
	pGL3.SL3-3.3xNF1mut.Introns.dM
	Firefly
	Sense
	17,637,475  2,822,660
	22,510,286 205,549
	1.3

	
	
	Renilla
	Antisense
	23,597 6,131
	30,746 2,529
	1.3

	
	pGL3.Akv.Introns.dM
	Firefly
	Sense
	14,039,105 1,683,856
	22,450,587 90,801
	1.6

	
	
	Renilla
	Antisense
	13,833 2,457
	22,406 457
	1.6

	NIH-3T3
	pGL3.basic
	Firefly
	Background
	3,425 2,777
	3,079 2,139
	-

	
	
	Renilla
	Background
	253 23
	275 56
	-

	
	pGL3.SL3-3.Introns.dM
	Firefly
	Sense
	4,928,792 3,628,066 
	10,952,212 2,962652,
	2.2

	
	
	Renilla
	Antisense
	12,072 6459
	31,833 1,274
	2.6

	
	pGL3.SL3-3.3xNF1mut.Introns.dM
	Firefly
	Sense
	3,724,108 153,952
	1,361,238 300,962
	0.4

	
	
	Renilla
	Antisense
	8,515 748
	8,301 777
	1.0

	
	pGL3.SL3-3.3xNF1mut.dR.Intron.dM
	Firefly
	Sense
	4,915,385 581,194
	2,628,849 2,282,752
	0.5

	
	
	Renilla
	Background
	407 22
	418 94
	-


Table 16: Repeated AS and sense luciferase readings for selected HEK-293 and NIH-3T3 cell lysates. Values have not been correlated. Each value is the average of three independent readings of three independent transfections. Following this average, the standard deviation is noted. Cell lysates were not diluted prior to luciferase readings. As the pGL3.basic vector was not included for the HEK-293 cell lysates, the background was not subtracted before calculating the +dex/-dex ratio. For NIH-3T3 lysates, the background level (pGL3.basic) was subtracted prior to calculation of the +dex/-dex ratio. 

All the calculated +dex/-dex ratios were found to be very were similar to the +dex/-dex ratios calculated from the samples that were diluted 10 to 20 times (Table 11 and 13) e.g. the SL3-3 wt LTR (pGL3.SL3-3.Introns.dM) transfected into HEK-293 cells was previously found to be induced 2.9 and 1.9 in the sense and AS orientation, respectively (Table 11). In this experiment these ratios were found to be 2.2 and 1.7. Likewise, the SL3-3.3xNF1 mutant (pGL3.SL3-3.3xNF1mut.Introns.dM) was previously found to have a +dex/-dex ratio of 1.2 for both sense and AS, while in this experiment these two ratios were both 1.3. Similar results were obtained when comparing the remaining ratios in table 16 with those listed in table 11 and 13.  Therefore, it was concluded that the low Renilla readings did not increase the variance, higher readings did not change the +dex/-dex ratio significantly and that the low values seemed to be accurate.

Correlation of the luciferase readings to the amount of plasmid DNA in the cell lysates

In earlier experiments (section 4.2.1.4) it was also found that correlating with CAT did not minimize the deviations. It might be that this is caused be interference of the different promoters, as the cells are cotransfected with four different plasmids in total. Therefore, in order to try to correlate the data to something that does not depend on a promoter activity it might be possible to correlate data to the amount of plasmid DNA in the cell lysates. However, as the cellular extracts had been centrifuged after lysating and harvesting, the plasmid DNA might have been removed during this process.

It was reckoned that if plasmid DNA was present in the lysates a SYBR green based qPCR green amplification of a short stretch of plasmid DNA might work as an internal control giving the transfection efficiency of the different samples. A setup with the primers Renilla.rev.nested and MHR#140 (chosen because they were already available) was designed, which would give an amplicon of 225 base pairs. This was first employed in a regular PCR to test if plasmid was present in the samples, and furthermore to test the specificity of this primer set. Cell lysate samples were randomly picked from the transfected HEK-293 cells and the transfected NIH-3T3 cells (however samples transfected with constructs without Renilla was not chosen, as the primer used for amplification annealed to this part of the 

vector). Analysing the PCR amplicons on an agarose gel showed that for HEK-293 cell lysates, the plasmid DNA was present and the PCR amplification had high specificity (Figure 21). However, for NIH-3T3 it seemed that there was unspecific PCR amplification of a smaller amplicon (Figure 21). As mice has endogenous retroviruses, where the MHR#140 primer might anneal to, it was believed that these amplicons might be derived from amplification of an endogenous retrovirus. 
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Figure 21: Testing PCR amplification of vector DNA in cell lysates. Six HEK-293 and three NIH-3T3 cell lysate samples were randomly picked out for PCR amplification. S, sample; (+) control, pGL3.SL3-3.Introns.dM was used as template; (-) control, ddH20 was added instead of water. 

In order to avoid the amplification of random endogenous retroviruses, and test if plasmid DNA was present in all NIH-3T3 cell lysate samples the same PCR was repeated, however with another primer set (firefly.rev.nested + Renilla.rev.nested), however no PCR amplicons were obtained. The PCR amplicon would have an expected size of 1153 bp, and after the PCR it was realized that since the plasmid might be degraded to some extent, nucleotide stretches of this size might be impossible to amplify.  

New primers should be designed that lies in a part of the vector with no endogenous homologous gene which amplifies a fragment of maximum 200 bp. However, time did not allow this.

4.2.4 Design of and experiments with ERV9 reporter vectors

The experimental system with the LTRs and the reporter genes that had been designed for the MLV LTRs seemed to be very effective in measuring the transcriptional activity from the respective viruses. Therefore, reporter plasmids with the endogenous single ERV9 LTR integrated in AXIN1 was also designed. 

4.2.4.1 Obtaining the ERV9 Axin1 sequence

The chromosomal coordinates of the ERV9 integrated in Axin1 have been published [Ling et al., 2002] and this sequence was obtained from NCBI gene bank.  

Previously, the ERV9 in the AXIN1 locus has been determined to have a size of 1308 base pairs, to be flanked by four base pair direct repeats of genomic DNA (CCGG) and be located 4 kilo bases downstream of the second exon in AXIN1 [Ling et al., 2002]. Furthermore, in Long et al. the full ERV9 LTR sequence spanning the U3, R and U5 region from the human globin locus is given [Long et al., 1998]. 

As there is high similarity between the LTR from the AXIN1 locus and the globin locus [Ling et al., 2002], the terminal ends of the ERV9 from the globin locus were aligned with the AXIN1 sequence in this study to ensure that the correct sequence had been obtained. The alignment showed the following: 1) The distance between the ERV9 LTR and the second exon of AXIN1 was 3757 base pairs, 2) The terminal ends of the LTR was found to be flanked by the CCGG repeat and 3) The size of the ERV9 in Axin1 was found to span 1307 kb. The similarity of these results to what has been previously described indicated that it was the correct sequence that had been found.

4.2.4.2 Preparation of plasmids with an ERV9 insert

Four ERV9 vectors should be prepared: three vectors with the PIP7A inserted and MINX deleted for investigating the relationship between AS and sense transcription in luciferase experiments (The same three vectors as described in figure 19, however with the ERV9 inserted instead of a MLV LTR) and a vector with both introns for mapping transcription start sites for AS and sense transcription. 

Therefore, two ERV9 inserts should be prepared; “ERV9 forward” and “ERV9 reverse”. These two LTR inserts should have the complete ERV9 sequence with flanking restriction sites, matching the restriction sites in the pGL3.SL3-3.Introns, pGL3.SL3-3.dR.Introns.dM and pGL3.SL3-3.Introns.dM reporter plasmids. Therefore, a NheI site was placed in the 5' end and an EcoRI site was placed in the 3' end of the “ERV9 forward” insert. The reverse ERV9 insert was designed by reversing the ERV 9 sequence and then placing the same restriction sites flanking each terminal end as for the “ERV9 forward” insert. The complete sequence of the “ERV9 forward” insert is given in Appendix IV. 

The two ERV9 inserts were synthesized at Genscripts and delivered in pUC57. The ERV9 inserts were excised from pUC57 by digestion with NheI and EcoRI and replaced with the SL3-3 LTRs in pGL3.SL3-3.Introns.dM and pGL3.SL3-3.dR.Introns.dM. In this way the three pGL3.ERV9 vectors with MINX deleted, pGL3.ERV9.Introns.dM, pGL3.ERV9.dR.Introns.dM and pGL3.ERV9.Inv.Introns.dM were obtained. The last ERV9 vector, pGL3.ERV9.Introns was obtained by replacing the SL3-3 LTR in pGL3.SL3-3.Introns with the forward ERV9 insert using the same restriction sites. 

4.2.4.3 Investigating the transcriptional activity from the ERV9 

NIH-3T3 and HEK-293 cells were transfected with the set of ERV9 LTR (-MINX) reporter plasmids in six well plates as described previously. In the first luciferase assay the cell lysates were diluted 10 or 20 times for NIH-3T3 and HEK-293 cells, respectively. 

The ERV9 in the forward orientation (pGL3.ERV9.Introns.dM) showed a low level of sense activity and a very high level of AS activity in both cell lines, shown for HEK-293 cells, Table 17 (the level was similar in NIH-3T3 cells). However, for the vector with the inverse ERV9 (pGL3.ERV9.Inv.Introns.dM), AS transcription was not detected, although sense transcription was at the same level as before (Table 17). The ERV9 in the pGL3.ERV9.dR.Introns.dM also showed a low level of sense transcription.  

As the results for AS transcription is contradictory it was believed that the preparation of the plasmid with the ERV9 in forward orientation had been either contaminated with another vector, or that the plasmid itself had an error in the sequence. Sequencing of the plasmid revealed that a stretch of 40 nucleotides, originating from the pUC57 plasmid that the ERV9 was originally inserted in, was present upstream of the ERV9's 5' end (inserted between the Renilla gene and the ERV9 LTR). These extra nucleotides might contain a promoter activity, inducing transcription in the AS orientation. In conclusion, the luciferase readings from cell transfections with the inverse plasmid containing ERV9 were believed to be more reliable than results from transfections with the plasmid with the ERV9 in the forward orientation. 

	Plasmid
	Reporter
	Function
	Sample 1
	Sample 2
	Sample 3

	Untransfected 
	Firefly
	Background
	271
	295
	342

	
	Renilla
	Background 
	290
	328
	360

	PGL3.basic
	Firefly
	Background
	333
	324
	416

	
	Renilla
	Background
	202
	198
	222

	pGL3.ERV9.Introns.dM
	Firefly
	Sense
	3,999
	5,847
	3,877

	
	Renilla
	Antisense 
	891,840
	877,238
	825,511

	pGL3.ERV9.Inv.Introns.dM
	Firefly
	Antisense
	283
	289
	414

	
	Renilla
	Sense 
	1,151
	1,311
	1,354

	pGL3.ERV9.dR.Introns.dM
	Firefly
	Sense
	1,792
	2,760
	2,169

	
	Renilla
	Antisense
	302
	303
	302


Table 17: As and sense luciferase reading from ERV9 constructs transfected into HEK-293 cells.  The lysates had been diluted 20 times before measuring the luciferase activity. Three independent transfection were done for each type of vector. The background has not been subtracted from the listed values. 

However, it was suspected that the AS expression might be below the detection limit in the cells transfected with the inverse plasmid. Therefore, the assay was repeated with undiluted lysates from cells transfected with the inverse ERV9. This gave quite different results; the values for ERV9 AS transcription in transfected HEK-293 cells were slightly above background, while there was no AS detected in NIH-3T3 cells (results not shown). The level of sense transcription was similar for the two cell types.

As the values for ERV9 AS expression were only slightly above background in HEK-293 cells, when measuring the luciferase activity on 10 l undiluted cell lysate, the activity assay was repeated with larger volumes of undiluted cell lysate. The activity was measured on 10 l, 20 l, 50 l and 100 l undiluted cell lysate, however with the same volumes of substrates as usual. As a control the same was done for untransfected cells (results not shown). Again, the readings showed that for HEK-293 cells, there were a low AS transcriptional activity, whereas there were none for the NIH-3T3 cells. These results indicate that there is a biological difference in expression of ERV9 in these two cell types, even though it might be that the AS expression in NIH-3T3 is still to low for detection. However, when plotting the AS luciferase values for transfected HEK-293 cells in a diagram, the trend line was not as nice as expected. This might be caused by the changing concentration of the two substrates (results not shown). 

Therefore, the readings were repeated for the HEK-293 cells, this time changing the measuring window instead of the volume of lysate. As the window was normally set to 10 seconds, this was extended to 60 seconds.

Readings were done on either 10 or 20 l  lysate from HEK-293 cells (and 50 or 100 l  of each substrate) (Table 18). It was found that the AS readings were above background (untransfected cells). The reason for comparing to untransfected cells instead of the activity from the pGL3.basic vector which has been done previously, was that it was found that the basic vector for some reason had a somewhat high sense activity, around 15,000 when measuring on undiluted HEK-293 cells although it contains no promoter or enhancer elements (results not shown). Although the experimental set up needs to be optimized and an adequate control should to included, the data strongly indicates that the is low AS activity from the ERV9 in HEK-293 cells in addition to sense activity. Unprocessed data are listed in Appendix V (D). 

	Plasmid
	Amount of lysate/substrates
	Reporter
	Function
	Measured values

	Untransfected 
	10/50
	Firefly
	Background
	1,519  182

	
	
	Renilla
	Background 
	2,295 11

	pGL3.ERV9.Inv.Introns.dM
	10/50
	Firefly
	Antisense
	2,425 337

	
	
	Renilla
	Sense
	87,400 19,009

	pGL3.ERV9.dR.Introns.dM
	10/50
	Firefly
	Sense
	339,429 11,657 

	
	
	Renilla
	Background 
	2,139 206

	Untransfected 
	20/100
	Firefly
	Background
	1,762 338

	
	
	Renilla
	Background 
	2,939 316

	pGL3.ERV9.Inv.Introns.dM
	20/100
	Firefly
	Sense
	4,177 589

	
	
	Renilla
	Antisense
	171,136 17,053


Table 18: ERV9 AS and sense luciferase readings in transfected HEK-293 cells. 10 l or 20 l lysate and 50 l or 100 l substrate were used for measurements. The window of reading was set to 60 seconds. 

In summary, ERV9 sense expression of similar levels was found in transfected HEK-293 and NIH-3T3 cells, whereas indications of AS transcription were only detected in HEK-293 cells. Although the pGL3.ERV9.Introns.dM was the vector intended for the investigation of the presence of AS transcription, this vector was not functional. The pGL3.ERV9.Introns.dM vector was believed to cause high expression of Renilla due to the inserted stretch of nucleotides, however this was not investigated as time did now allow further examination of the vector or re-cloning of the construct. 

5  DISCUSSION

Three different model systems were included in this study for examining AS transcription in infections: 1) Tumors with inverse integrations in the Ccnd3 gene locus from mice that had been induced with SL3-3 virus mutants and diagnosed with lymphomas, 2) Human cell lines with an active ERV9 integrated in the AXIN1 gene locus in the inverse orientation and 3) A designed vector reporter system containing either an SL3-3 wt, an SL3-3.3xNF1 mutant or an Akv LTR surrounded by luciferase reporter proteins. 

The presence of AS transcripts was investigated in the MLV targeted Ccnd3 gene locus and in the human AXIN1 gene locus having an active ERV9 integrated in order to determine if AS transcription is common for MLVs and homologous ERVs in vivo. 

Ccnd3 is a protooncogene and deregulation though AS insertional mutagenesis could be implicated in tumorigenesis in infected mice. The proviral integrations in this gene were clustered in the second intron of the gene locus, which indicates that the mechanism might be AS transcription. However, it could also be a combination of enhancer activation and AS transcription as seen in Jdp2 and Bach2 targeted tumors [Rasmussen et al., 2010]. 

Chimeric SL3-3-Ccnd3 transcripts were present in 50 % of the Ccnd3 targeted tumors that were investigated (Figure 6). Transcription start sites were not determined, although 5' RACE was repeated several times. It might be that the transcript(s) that I was looking for were simply not abundant enough in the RACE cDNA sample for the PCR to amplify it or that the primers were not specific enough. Furthermore, the not nested and nested primers used for PCRs on 5' RACE 04-1160S tumor cDNA have some overlapping sequence (14 nucleotides for the 4.4ML/04-1160S.rev2 and 4.4ML/04-1160S.rev2.nested) which might not be that convenient if the first primer amplifies something unspecific, which is also recognized by the nested primer. However, this was first realized in the end of the project. Specific amplification of the amplicons might be obtained by three PCR steps instead of two (nested nested PCR on the nested PCR) and design of new primers with no overlapping sequence. 

However, even though the transcription start sites were not determined it is likely that the transcripts are initiated in the 5' LTR, as seen in previous studies [Rasmussen et al., 2010]. Therefore, the presence of chimeric SL3-3-Ccnd3 transcripts indicates that AS transcription is common for MLVs. 

Do to the presence of several different Ccnd3 transcript isoforms (NCBI, Gene Bank), it is likely that the chimeric transcripts are spliced to a downstream exon (if the transcripts are viral and are transcribed in that direction). If this is the case, it is also likely that AS Ccnd3 transcripts are involved in regulating the transcription of one or more of the transcripts that encode the cyclin D3 protein. 

ERV9 LTRs are related to the gammaretroviral MLVs and the specific solitary ERV9 that was selected for this study is integrated in the second intron of a human gene locus AXIN1, a gene that has been suggested to work as a tumor-suppressor [Salahshor, Woodgett, 2005]. The orientation of the LTR is inverse in relation to the target gene and prior to this study there had been found transcriptional activity of unknown polarity in the second intron downstream of the ERV9 [Ling et al., 2002]. We suspected that these transcripts could be AS transcripts originating in the ERV9 LTR. Using regular RT PCR methods I found chimeric transcripts to be present in three untransfected human cell lines, BeWo, K562 and HeLa (Figure 10). 

In BeWo cells and K562 cells the AXIN1 ERV9 LTR has previously been found to be transcriptional active in the sense orientation [Ling et al., 2002]. To investigate if these transcripts were initiated in the LTR I performed strand-specific PCR. However this experiment did not give any results as the control reaction did not work. In general it seems that strand-specific cDNA synthesis is a challenge when looking though the literature. The lack of strand specificity could be caused by priming of RNA by small degraded DNA or RNA fragments present in the sample of purified RNA. These fragments could then work as primers in the reverse transcriptase reaction and give rise to random cDNAs. This might have been assessed by including a PCR reaction with no added primers. In order to solve this problem the synthesis of cDNA could be performed with primers having a linker in the 5' ends and PCR reactions should then be performed with linker specific primers. This has been shown to increase the specificity of strand-specific cDNA synthesis greatly in detecting HIV-1 transcripts [Landry et al., 2007]. Mapping 5' ends with 5' RACE was not successful. However, if optimizing the same parameters as listed for the chimeric Ccnd3 transcript, design of new primers with no overlap and PCR followed by two nested PCRs, amplicons might be detected.  If chimeric AS transcripts are found to initiate in ERV9, they might encode a novel truncated protein.  

It is possible that the chimeric transcripts observed in the virally targeted Ccnd3 gene locus and the chimeric transcripts found to be produced at the ERV9 in the AXIN1 locus are derived from an internal unknown cellular promoter. For the ERV9 this was tested, however it was neither confirmed nor disproved.   

In summary, the experiments with the two in vivo systems indicate that AS transcription is present suggesting that AS is common in MLVs and in related endogenous retroviruses. However, transcription start sites need to be determined in order to conclusively demonstrate this.

After investigating the presence of AS transcripts in vivo we wanted to investigate if AS transcripts are translated to proteins and examine the regulation of AS/sense transcription more thoroughly. For this a vector reporter system, originally designed by Magdalena Pyrz, was further developed. The concept of this system is very simple; the transcriptional activity from a viral LTR inserted in between reporter genes is measured by the activity of the reporter genes.

A small change in the design of the vectors halfway though the project where introns were inserted on each side of the LTR, lead to the preparation of SL3-3 wt, SL3-3.3xNF1 mutant and Akv reporter vectors. Using these constructs for transfection experiments it was found that both reporters were expressed indicating that viral AS transcripts contribute to the level of target protein.  

In transient transfection studies, I mapped initiation sites for SL3-3 wt induced sense and AS transcription by doing 5' RACE on RNA from HEK-293 cells transfected with an SL3-3 wt LTR reporter construct (pGL3.SL3-3.Introns). Only three AS transcripts was found and sequenced (Figure 18). They were found to be initiated at two sites in the LTR in the R-region with a distance of four nucleotides and spliced at a splice done site at nucleotide 322 in the U3 to the splice acceptor signal in the MINX intron upstream of the AS reporter gene. This was not the transcription start sites that were expected to be seem most frequent, as the only other study mapping SL3-3 AS initiation showed that AS transcription initiates at two clusters in the LTR (position 53 to 60 and 95 to 102) and is not initiated beyond position 110 [Rasmussen et al., 2010]. However, this was found in murine tumors and as the reporter system is an artificial transient system, the distribution of initiation sites might be different. Furthermore, since only three transcripts were found it cannot be excluded that transcripts are initiated in the regions described for the SL3-3 LTR in tumor tissue. 

However, another study examining transcription start sites for Akv1-99 in chronically infected NIH-3T3 cells also found a different distribution compared to the observation in tumors [Liu, 2009]. In this system transcription start sites were found in the envelope region or the U5, R and U3 regions of the LTR and 27 out of 45 transcripts were initiated downstream of the inverse TATA box, [Liu, 2009]. This is consistent with the results in this study, where the AS transcripts are found to be initiated 25 base pairs downstream of the 5' end of the R-region, approximately 50 base pairs downstream of the inverse TATA box. 

AS initiation in close proximity to the TATA box indicates that a high level of sense transcription does not impede AS transcription, and instead might facilitate the initiation of AS transcripts by “making an opening” in the DNA that surrounds the TATA box. This is in contrast to what has been found in HTLV-1, where knockdown of the sense transcription indicated that AS transcription was impeded by sense transcription [Cavanagh et al., 2006]. However, it might be that the regulation of sense and AS is complicated and while sense transcription facilitate AS transcription in some cases, it could downregulate AS in other cases, depending on e.g. the level of sense expression and the integration site. Furthermore, AS transcription in HTLV-1 proceeds into the viral genome, while AS transcription detected in the SL3-3 wt proceeds into the target gene. It might be that AS regulation differs for these two sub types of AS transcription.

It is also possible that the SL3-3 wt LTR is more active in the sense orientation in transfection studies than seen in a tumor setting, as the LTR in the reporter system does not depend on the chromatin settings at the integration site to be opened. Therefore, the reporter system might resemble a tumor setting with a very high continuous expression.   

Furthermore, the AS transcripts that were detected in this study were found to proceed into the U3 region of the SL3-3 LTR, and spliced at position 322 in the LTR immediately downstream of the tandem repeats. This is consistent with the results obtained by Rasmussen et al., where it was found that AS transcripts did not initiate within the tandem repeats of the U3 [Rasmussen et al., 2010]. It might be that the enhancer elements in the repeats are closely packed with different transcription factors which could impede both initiation of AS transcripts and extension of AS transcripts in this region.   

The reason for not sequencing a larger number of AS Renilla transcripts was the same as for transcription initiation mapping in the two in vivo systems; the specificity of the PCR on the 5' RACE cDNA seemed to be low and only few of the TOPO4 clones that were obtained had sequences inserted that were related to Renilla. Furthermore, when screening for and sequencing Renilla transcripts a major problem was found. Most “AS transcripts” (three out of nine) were found to be initiated at sites in the vector far from the LTR and picked up by the splice acceptor signal in MINX. Therefore it was reasoned that these vectors would be useless in a quantitative analysis of AS and sense transcription, as the background level of AS transcription might be higher than the actual AS transcriptional level (if these odd transcripts are translated to Renilla reporter protein). It is suspected that the dispersed promoter activity in the pGL3.SL3-3.Introns vector might be induced by the integrated SL3-3 wt LTR itself though enhancer activation. As enhancer activation can enhance the expression from an already strong cellular promoter to a high degree [Rasmussen et al., 2010], it might be that if a strong cellular promoter is not present, the enhancer activation will enhance transcription from weak promoter elements at various sites instead. 

In comparison, for sense firefly transcripts only three out of 31 transcripts were found to be originating at an odd site. 28 “true” sense transcripts were sequenced and I found that the majority of these transcripts were initiated at two sites with a distance of two nucleotides, at the border between U3 and R in the SL3-3 wt LTR (Figure 18). The sense transcription initiated at this site is controlled by the TATA box, located 25 base pairs upstream of the U3-R border. As the TATA box guides the transcription initiation it was expected that the majority of sense transcripts would be initiated in this area. Although the remaining transcription initiation sites were not clustered at the nucleotide positions immediately surrounding the U3-R border they were still closely distributed as 26 out of 28 transcript were initiated in a window of 71 base pairs.  

Based on the results from the transcription initiation mapping we concluded that pGL3.SL3-3.Introns and the rest of the vector series were suitable for investigating transcription start sites (although the PCR on Renilla transcripts needs to be optimized). However, the background level of Renilla initiation would make it impossible to get a accurate ratio of sense and AS transcription. Since all the odd Renilla transcripts that were found to initiate at random sites in the vector all spliced to the splice acceptor site in the MINX intron it was reckoned that removing the MINX intron flanking the Renilla gene, would eliminate the background problem. Although the odd transcripts would still be initiated they would not be able to splice to the Renilla gene and they would properly be terminated before reading into the reporter genes. 

In order to investigate the regulation of AS to sense it was therefore concluded that a new set of vectors had to be prepared, with MINX deleted. Although there might still be some background initiation for Renilla, this was reckoned to be low after the removal of the splice signal in the MINX intron. The expression of the three sets of reporter vector containing either an SL3-3 wt LTR, and SL3-3.3xNF1 mutant LTR or an Akv LTR was examined by transient transfections in HEK-293 and NIH-3T3 cells and the following results were obtained. 

The noninduced level of sense expression from the three LTRs, SL3-3 wt, SL3-3.3xNF1mut and Akv was found to be similar in transfected HEK-293 cells (Table 11). Whereas in transfected NIH-3T3 cells the sense expression from Akv was two fold higher than for SL3-3 wt and 10 fold higher than for the SL3-3.3xNF1 mutant (Table 13). 

Although in general the NF1 sites have been found to be positive regulators of transcription in the SL3-3 LTR in previous studies (Summarized in Table 2), the SL3-3 LTR seemed to be unresponsive to NF1 in transfected HEK-293 cells in this study. However, as the activity from the SL3-3.3xNF1 mutant has not been tested in HEK-293 cells prior to this study, we did not know what to expect. 

In general, the readings for AS activity were found to be much lower than the readings for sense activity.

Furthermore, it was found that the SL3-3 mutant showed none or a small increase in both sense and AS orientation when inducing with dex in transfected HEK-293 cells (Table 11). For sense, this is consistent with previously experiments demonstrating that the SL3-3 consensus NF1 sites is necessary for dex induction to have an effect in HeLa cells [Nilsson et al., 1989]. However, the AS expression has not been examined for the NF1 mutant prior to this study and it seems interesting that AS in addition to sense is impeded when the LTR is unresponsive to dex. Prior to this study we suspected that lowering the sense expression would actually facilitate and increase the AS expression as a strong sense expression might suppress the AS transcription. Furthermore, it was suspected that by abolishing the binding of NF1 to the NF1 sites, AS transcripts might also be initiated in the repeats, as the repeats would not be as closely packed with transcription factors compared to the SL3-3 wt LTR. However, the AS transcription was definitely not increased to a significant level. Time did not allow to investigate the distribution of AS transcription start site sin the SL3-3 3xNF1 mutant. 

Although the results with the SL3-3.3xNF1 mutant were not as expected, they again indicate that AS expression is not impeded by sense expression and co-regulation takes place. It seems that the sense/AS regulation in MLVs differs from what has been previously observed in HTLV-1 infected cells [Cavanagh et al., 2006], in which is has been suggested that sense impedes AS expression. As previously discussed, it might be that AS transcription proceeding into the virus and AS transcription proceeding into a target gene are regulated differently. 

In NIH-3T3 cells, transfections with the SL3-3 mutant gave quite different results: The SL3-3.3xNF1 mutant had a basal transcription that was significantly lowered compared to SL3-3 wt and dex seemed to have an additional negative effect on the expression level, again the same tendency was seen for both sense and AS. 

When examining the dex induction of the SL3-3 wt LTR, the expression was found to increase two to four fold in the sense orientation and two fold in the AS orientation in transfected HEK-293 cells (Table 11). In transfected NIH-3T3 cells the dex induced SL3-3 wt sense expression was found to be unchanged or two fold higher, while the AS expression was found to be two to three fold higher (Table 13). For the Akv LTR in transfected HEK-293 cells it was found that the sense expression was induced two to three fold with dex and AS expression was increased 1.4 fold (Table 11). 

When summarizing the results from the luciferase reporter studies on expression from the SL3-3.3NF1 mutant and the dex induced LTRs, the conclusion is that is seems like sense and AS are co-regulated: when the sense transcription is increased with dex, AS is also increased and when the sense expression is decreased by mutating the NF1 sites, AS is also decreased.    

The basal ratio of sense to AS transcription was found to be 14 to 114 for MLVs in transfected HEK-293 cells, while it was found to be 22 to 231 when inducing the LTRs with dex (Table 12). In transfected NIH-3T3 cells the basal ratio of sense to AS in MLVs was found to be 3 to 1304 and 3 to 1139 for when inducing the LTR with dex (Table 14).

This is similar to what has been observed in HIV-1 infected cells were the level of AS transcription has been found to be 30 to 1000 fold lower than sense transcription [Laundry et al., 2007].

In order to obtain a more accurate sense/AS ratio with less variation, the vector system needs to be optimized. Furthermore, it might be that a high background of odd transcripts producing firefly reporter protein is present when the LTRs are in the inverse orientation and firefly is a measure for AS expression. This is suspected as PIP7A might pick up transcripts in the same way as seen for MINX. Since three out of 31 transcript were found to be odd for firefly sense transcripts, it is very likely that this background will be more significant when firefly is a measure for AS expression, since AS transcripts is present in much lower copy number than sense transcripts. 

From this it can be concluded that the firefly readings for AS in the inverse vectors (pGL3.SL3-3.Inv.Introns.dM, pGL3.SL3-3.3xNF1mut.Inv.Introns.dM and pGL3.Akv.Inv.Introns.dM) might be falsely high. If PIP7A picks up weird transcripts with the same efficiency as was seen for MINX, an estimate would be that only one third of the firefly AS readings are derived from “true” AS transcripts originating in the viral LTR. If this is taken into account when examining the ratios of sense/AS expression, it is found that in general the ratios calculated by dividing the firefly value from the vectors with the LTR in forward orientation with the firefly value from the vectors in the inverse orientation gives low ratios. This might be explained by the suspected high background, and if the ratios are calculated subtracting this background they will be higher and more similar to the ratios calculated from the Renilla values. 

Two things might be concluded from this: 1) The ratios calculated by dividing the Renilla values should be more accurate than the ratios calculated by dividing the firefly values and 2) The vector system should be optimized further.  

However, when looking at the fold of dex induction of the LTRs e.g. in HEK-293 cells (Table 11), the same AS dex induction ratios are obtained when calculating the ratio from the AS Renilla values (readings from cells transfected with the pGL3.SL3-3.Introns.dM vector) and when calculating the ratio from the AS firefly values (readings from cells transfected with the pGL3.SL3-3.Inv.Introns.dM vector). This does not support the presence of high background of firefly initiation when firefly is a measure for AS expression. If a large part of the AS firefly transcripts (in the pGL3.SL3-3.Inv.Introns.dM vector) were initiated at random sites in the vectors, the AS firefly values would then be expected not to be dex induced to the same fold, as “AS” transcripts originating at random sites in the vector would not be induced by dex.

When inserting the ERV9 LTR from the AXIN1 gene locus into the designed vector reporter system the ERV9 was shown to have low sense transcription and high AS transcription from the pGL3.ERV9.Introns.dM construct in both HEK-293 and NIH-3T3 cells (Table 18). However, as the inverse vector (pGL3.ERV9.Inv.Introns.dM) did not give the same result (Table 18) and as the high AS transcription was not expected it was suspected that something was wrong with the vector. Subsequently, sequencing confirmed this a fragment of 40 base pairs (from pUC57) had been accidentally inserted together with the ERV9 in the pGL3.ERV9.Inv.Introns.dM plasmid. However, it might be interesting to map the transcription sites for Renilla in this vector as at least two scenarios are possible: 1) The AS transcripts are not viral induced but initiated in the introduced fragment or at other sites in the vector or 2) The introduced fragment disturbs the sense and AS expression, perhaps causing AS transcription from the ERV9 to increase. 

As time did not allow mapping of transcription start sites or re-cloning of the plasmid, we tried to get as much information as possible by doing luciferase readings on the inverse vector instead (pGL3.ERV9.Inv.Introns.dM). The resulting luciferase results showed that pGL3.ERV9.Inv.Introns.dM showed firefly expression, indicating a low level of ERV9 AS transcription in HEK-293 cells, but not in NIH-3T3 cells.  It could be speculated this the detected activity is not true AS transcription initiated in the ERV9 and that it is instead derived from background initiation of transcripts at other sites in the vector (as it was seen for AS transcription in pGL3.SL3-3.Introns.dM). However, as the level of sense transcription was similar in HEK-293 and NIH-3T3 cells (from all three ERV9 reporter constructs), it would be expected that the same level of background transcription initiation is present in both cell types. As the ERV9 AS expression in pGL3.ERV9.Inv.Introns.dM transfected HEK-293 cells was found to be twice as high as the background, while the AS transcription was not above background level in NIH-3T3 cells transfected with this construct, it indicates that the expression of AS in transfected HEK-293 cells is “true” transcripts and not an artefact. However, more experiments have to be performed to confirm this indication. First of all, the plasmid with the ERV9 in forward direction have to be re-cloned and experiments should then be repeated. 

In general several factors need to be optimized for the vector system:

I. An internal control that minimizes the variation in the triplicates should be found

II. Perhaps PIP7A should be removed in the reporter vectors with the inverse LTRs

III. Extra polyA sites should be inserted in the vectors to minimize background and interference

IV. Assessment of the pGL3.basic vector, it is the most useful background vector when is has been found to have high expression of firefly in NIH-3T3 cells in some experiments? (Table 5)

I) The fact that the correlation to CAT protein level did not seem to decrease the variation within triplicate could not be explained. However, it was speculated if dex might interfere with the SV40 promoter in the psV2CAT plasmid expressing CAT. However, it has previously been shown that the SV40 promoter is not induced by dex [Celander and Haseltine, 1987]. Co-transfection with the luciferase vectors and the CAT vector should be repeated to confirm or disprove if CAT correlation minimizes the variation in between samples in triplicates or not. If it is confirmed that CAT correlation does not change the variation significantly, then another way of correlating the data most be found. Correlation to the luciferase vector itself was not useful either. If the PCR method on the plasmid DNA in the cell lysate samples is specific, qPCR might be an alternative to CAT correlation.  

II) It should be assessed if PIP7A affects the firefly level to a large extend when firefly is a measure for AS. In case it introduces a high level background as seen for MINX, then it might be an advantage if it was removed from the vectors  where the LTR is in inverse orientation as it might give more accurate firefly / AS readings. It might also be a good idea to mutate weak promoter signals in the backbone of the vector to avoid the background initiation of transcripts. 

III) In all vectors a polyA signal should be inserted downstream of the firefly gene in inverse orientation. This would minimize interference from transcription in AS orientation if this is not terminated at the polyA signal that is inserted after Renilla (in Figure 22 the orientation and position of the polyA sites present in all the vectors described so far are indicated together with the “extra” polyA signals). In the control  vectors where the Renilla reporter gene has been deleted the polyA site terminating the Renilla transcripts is also deleted. Insertion of a new polyA site in this region is necessary to avoid interference of the sense transcription by non terminated AS transcripts. It is not known if this interferes with the results, however it would give a more homogeneous reporter system if these polyA sites are inserted. 
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Furthermore, it should be assessed what causes the high background level of pGL3.basic expression in some experiments (e.g. Table 8). As this vector is promoter and enhancer less, it should not be possible to get somewhat high luciferase readings from cells transfected with the vectors. 
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Figure 22: Insertion of extra polyA signals in reporter vectors. Extra polyA signals are shown to be inserted in the vector with both reporter genes and in the vector with Renilla deleted. The elements in the vectors are identical to what has been described for the (-MINX) vector sets. Amp (r), ampicilin resistance; luc, luciferase. 

6  CONCLUDING REMARKS

AS transcription in MLVs and related ERVs

Chimeric fusion transcripts, consisting of viral and host target gene sequence, were found to present in the majority of the murine Ccnd3 targeted tumors investigated and in the AXIN1 locus with the integrated human endogenous ERV9 single LTR (in three different cell lines). Although the polarity and the transcription start sites of the chimeric transcripts was not successfully determined, it is likely that these transcripts are initiated in the integrated proviruses. Therefore, the results suggests that viral AS transcription might be common in MLVs as well as in related ERVs.  

AS transcription and contribution to protein synthesis

Transfections studies in HEK-293 and NIH-3T3 cells showed that AS reporter proteins were expressed from Akv, SL3-3 wt and SL3-3.3xNF1 mutant LTR reporter constructs. This was independent of Renilla or firefly being the reporter gene. This strongly indicates that AS viral transcripts are translated to protein, although it was not examined to what extend. 

Regulation of AS and sense transcriptional

The expression from the LTRs of Akv and SL3-3 were shown to be inducible with the synthetic glucocorticoid  dex in both transcriptional directions, AS and sense. Furthermore, when the viral sense expression was attenuated by mutation of NF1 sites in the enhancer region, the AS was also decreased. These results indicate that AS and sense are co-regulated. However, as the variance in triplicates was high and the data was not correlated to a standard the experiments need to be repeated to confirm the obtained results.      

The absolute ratio between AS and sense transcription

The common ratio of sense to AS expression for the SL3-3, SL3-3.3xNF1 mutant and the Akv LTR in transfected HEK-293 cells was found to be 14 to 114 while for the dex induced LTRs it was found to be 22 to 231. In transfected NIH-3T3 cells, the common sense/AS sense ratio for the three MLV LTRs was found to be 3 to 1304, while 3 to 1139 for the induced LTR. Further studies should be performed to minimize the variation of these ratios.  

Transcription start sites for AS and sense transcription in MLVs

Initiation sites for AS transcription was mapped to two sites in the R region of the SL3-3 LTR with a distance of four nucleotides, 50 bp downstream of the inverse TATA box. This indicates that active sense transcription facilitates AS transcription. However, only three transcripts were obtained and sequenced due to technical difficulties and more transcripts should be sequenced. Initiation sites for sense transcription were mainly mapped to the area immediately surrounding the U3-R border, this was expected at the sense transcription is controlled by a TATA box.

For the SL3-3.3xNF1 mutant and the Akv LTR transcription initiation sites were not determined as time did not allow it.   

7  FUTURE PERSPECTIVES

Determination of the origin of the chimeric transcript

The polarity and/or the transcription start sites of the chimeric SL3-3-Ccnd3 and ERV9-AXIN1 transcripts should be determined to clearly demonstrate that it is AS transcripts and to reach the conclusion that AS transcription is common  in MLVs and related ERVs. In order to quantify the amount of chimeric/AS transcripts qPCRs should be performed with probes or primer sets that distinguish between the canonical transcript and the chimeric transcript. Furthermore, it would be interesting to the examine the expression at these two loci at the protein level, to elucidate if the chimeric/AS transcripts contribute to the total amount of protein, or induces translation of a novel truncated protein.

Mapping of transcription start sites and further testing of correlation methods for the vectors already designed 

For the SL3-3 wt, SL3-3.3xNF1 mutant and the Akv transcription start sites should be determined (by using the vectors with both introns) with or without inducing the LTRs with dex in order to examine the distribution of initiation sites in different circumstances. At least 50 transcripts should be mapped for each type of MLV LTR and in noninduced and induced states to obtain a data set, which can be used for statistical analysis of the transcription start sites.

Furthermore, the SL3-3 wt, SL3-3.3xNF1 mutant and the Akv (inserted in the vectors with only one intron, PIP7A) should be co-transfected with pSV2-CAT to determine if correlating to CAT is useful or not. If not, it should be determined if it is possible to correlate the luciferase to data from qPCR amplification of a vector specific amplicon instead.   

Design of new vectors with reduced background and interference

As described in the discussion, new reporter vectors should be designed with the original elements and with extra polyA sites. Furthermore, it might be an advantage to delete PIP7A in the vectors with an inverse LTR inserted. These reporter vectors should be employed for transfections studies and luciferase readings for examination of co-regulation and sense/AS ratios. 

Further examination of the ERV9 in the vector reporter system

The pGL3.ERV9.Introns.dM should be re-cloned to obtain a reporter plasmid without a fragment from pUC57 inserted. Investigation of the ERV9's sense and AS activity should be determined in placental trophoblasts BeWo cells and erythroid K562 cells. Furthermore, it would be interesting to do chromatin immunuprecipitating (ChIP) to investigate which cellular transcription factors binds to the ERV9 in different cell lines. 

8  METHODS AND MATERIALS

The following sections describes the procedures, protocols and equipment that were used in this study. For materials and equipments, the name of the manufacturer is referred to in parentheses. When a kit was used the recommendations from the manufacturer was followed if not noted otherwise. 

8.1 Murine tumor tissue

Tumor tissue derived from NMRI mice was available as frozen excised organs; spleen, thymus and mesentheric lymph node. In summary, newborn NMRI had been inoculated with one of several different mutant variants of SL3-3 and when the animals were diagnosed with lymphomas they were sacrificed. Subsequently, the organs were excised and unstabilized tissue was stored at -80 °C. Picobella determined the integration site. In Table 19, the tumors that were investigated are listed, together with the type of SL3-3 mutant virus that was used for infection of the mice, the integration site of the provirus in the mouse chromosome 17, target gene and orientation of the provirus. All tumors that were selected for analysis had proviral integration in the first intron of Ccnd3. Furthermore, one tumor 04-1461 had two integrations.

8.2 Culturing and harvesting of cells 

A number of cells lines were used, all are listed in table 20. NIH-3T3, HEK-293, BeWo, K562 and HeLa cells were grown in the media and serum that are listed including 1% penicilin/steptividin (Gibco). The organism from which they are derived from, the description of the cell type and their growth properties are likewise listed. NIH-3T3, HEK-293, BeWo and HeLa cells were subcultured every 2-3 days. K562 cells were subcultured every second day and the cell density was kept from 105-106 cells/ml. Cells were kept in a 5% CO2 incubator at 37 C. 

When purifying RNA from cell lines, adherent cells were harvested with trypsin (Gibco), washed once in phosphate buffered saline (PBSS) and the cell pellet was put on ice. For suspension cells, the step with trypsin was omitted. 

	Tumor
	Tissue 
	SL3-3 variant*
	Chromosome
	Integration site**
	Target Gene
	Orientation of provius

	04-1450
	S
	SL3-3 c/ebpb I
	17
	47,651,287
	Ccnd3, intron 1
	-

	02-327
	S
	SL3-3 Akv IN
	17
	47,657,243
	Ccnd3, intron 1
	-

	03-95
	ML
	SL3-3 mGr
	17
	47,667,048
	Ccnd3, intron 1
	-

	04-1461 (1)
	S
	SL3-3 c/ebpb I
	17
	47,667,174
	Ccnd3, intron 1
	-

	03/4
	S
	SL3-3 mEa/s
	17
	47,667,576
	Ccnd3, intron 1
	-

	04-1160
	S
	SL3-3 Ikaros I
	17
	47,668,901
	Ccnd3, intron 1
	-

	04-1461 (2)
	S
	SL3-3 c/ebpb I
	17
	47,668,908
	Ccnd3, intron 1
	-

	4.4
	ML
	SL3-3 mGr
	17
	47,669,140
	Ccnd3, intron 1
	-

	03-12
	ML
	SL3-3 mGr
	17
	47,670,542
	Ccnd3, intron 1
	-

	03-210
	T
	SL3-3 mGr
	17
	47,671,217
	Ccnd3, intron 1
	-

	02-354
	T
	SL3-3 Akv IN
	17
	47,729,022
	Ccnd3, intron 2
	-


Table 19: Overview of murine tumors from NMRI mice. The tissue from which the tumor derives from is listed, together with the SL3-3 virus that was used for infecting the animal. The 04-1461S tumor has two integrations; (1) and (2). *The tumor variants have been described previously;  SL3-3 c/ebpb I and SL3-3 Ikaros I [Liang, 2005]; SL3-3 Akv IN [Ejegod, 2011]; SL3-3 mGr, SL3-3 mEa/s [Ejegod et al., 2009]. The SL3-3 c/ebpb I and SL3-3 Ikaros I variants have  three base pairs mutations in the U3 region upstream of the tandem repeats [Liang, 2005], in SL3-3 Akv IN the SL3-3 integrase gene has been replaced with the Akv integrase gene [Ejegod, 2011], while in SL3-3 mGr and SL3-3 mEa/s mutations have been introduced at the GRE or at the Ebox site in each repeat, respectively [Ejegod et al., 2009]. **The integration sites listed are the positions in chromosome 17, determined by Picobella. Furthermore, the target gene is given and the orientation of the provirus relative to the target gene. S, spleen; ML; mesenteric lymph node; T, thymus.

	Cell line
	Organism
	Description
	Growth properties
	Medium
	Serum*

	NIH-3T3
	Mouse
	Embryonic

fibroblast
	Adherent
	DMEM*
	10% newborn

	HEK-293
	Human
	Embryonic

kidney
	Adherent
	DMEM*
	10% fetal

	BeWo
	Human
	Placenta trophoblast
	Adherent
	F-12 Ham**
	10% fetal

	K562
	Human
	Undifferentiated granulocytes
	Suspension
	RPMI*
	10% fetal

	HeLa
	Human
	Epithelia
	Adherent
	DMEM*
	10% fetal


Table 20: Overview of cell types. The organism and tissue which they are derived from is listed together with the growth properties of the cells and the media and supplements they were cultured in. *Supplied by Gibco, **Supplied by Sigma.

8.3 PCR analysis

For PCR analyses the final concentrations in a 50 l reaction mix was 1xPCR True Taq buffer (Fermentas), 1.25 mM MgCl2 (Fermentas), 0.2 mM of each dNTP (Invitrogen), 0.2 M of each primer and 1.25 units True start Taq polymerase (Fermentas). Primers were synthesized at Sigma Aldrich. 

The following PCR conditions were used for all PCR reactions: a first step of melting for 3 min at 95 °C followed by 35 cycles of melting (x min at 95 °C), annealing (x min at an experimental determined annealing temperature) and extension (x min at 72 °C). The length of each step and the annealing temperature is given at each section in the “Material and Methods” describing the use of PCRs. A final extension step at 72 °C was done for 10 min. All PCR analyses were carried out in a 2720 Thermocycler (Applied Biosystems). 

After the PCR, DNA/RNA loading buffer (6x buffer contains: 6x TBE buffer (Invitrogen), 20% sucrose and 1% SDS) was added to the PCR mix. PCR fragments were separated and visualized on a 1% agarose 0.5xTBE gel containing 1:14000 SYBR Safe gel stain (Invitrogen) using a Safe Imager blue light transilluminator (Invitrogen). Amplicons were sequenced by using PCRs  directly as template. 

All primers used for cloning and PCRs are listed in Appendix I.

8.4 Sequencing

Sequencing of plasmids or PCR amplicons was done using the BigDye kit (Applied Biosystems). 200 ng plasmid or 6.5 l of PCR amplicon, 0.5 M primer and the recommended amounts of Big Dye Sequencing Mix and Big Dye Buffer were mixed in a total volume of 10 l. 

Plasmids were all sequenced with the LTR-specific primers MHR#140 and V440 except the ERV9 plasmid where specific ERV9 primers were designed, ERV9.seq.forw and ERV9.seq.rev. PCR amplicons were sequenced with the primers used for amplifying the product in the PCR reaction. 

The PCR program described in the manual was performed for 35 cycles. Obtained sequences were studied using CLC Workbench and NCBI Blast. 

8.5 Integration analysis

DNA from murine tumor tissue was purified using the DNeasy Blood and Tissue Kit (QIAGEN). The manufacturer’s protocol for purification of total DNA from animal tissues (Spin-column protocol) was followed with a few exceptions:  samples were lysed overnight at 56 °C at a rocking table and in the last step of elution, the DNeasy Mini spin column (including 100 l elution buffer) was incubated at 70 °C for five minutes and then at room temperature for twenty minutes before centrifugation. Purified DNA was stored at -20 °C.

The DNA was subsequently used as template in PCR amplification reactions. For each proviral integration, two PCRs were done in order to verify the location of both the 5' and the 3' end of the provirus. Three primers matching the SL3-3 LTR sequence were available (MHR#140, V440 and V2620; the annealing sites in the LTR are indicated in Figure 3), and a gene-specific set (unique primers for each provirus) were designed. PCR amplicons were sequenced in order to verify the sequence. The primers sets used for mapping the terminal ends of each proviral integration are listed in table 21. Furthermore, the annealing temperature used in the PCR and the expected sizes of amplicons are listed.

PCRs were performed with 1 l of cDNA as template in a total volume of 50 l. The different PCR components and their concentration in PCR mixes have been described previously in 8.3. 

The PCR program listed in 8.3 was used with the following lengths of each step: denaturation (1 min), annealing (1 min) and extension (1½ min). 

	Tumor
	Mapping of
	Primers
	Annealing temp.
	Size of Amplicon

	04-1450S
	5' end
	04-1450S.forw + V440
	57
	773

	
	3' end
	04-1450S.rev + V2620
	57
	859

	02-327S
	5' end
	02-327S.forw + V440
	57
	N/A

	
	3' end
	02-327.rev + 2620
	57
	671

	03-95ML
	5' end
	03-95ML.forw + V440
	57
	741

	
	3' end
	03/4S.rev + V2620
	57
	1062

	04-1461S (1)
	5' end
	03-95ML.forw +440
	57
	867

	
	3' end
	03/4S.rev + V2620
	57
	936

	03/4S
	5' end
	03/4S.forw + V440
	57
	762

	
	3' end
	03/4S.rev + V2620
	57
	354

	04-1160S
	5' end
	04-1160S.forw + V440
	57
	696

	
	3' end
	4.4ML/04-1160S.rev2 + V2620
	57
	675

	04-1461S (2)
	5' end
	04-1160S.forw + V440
	57
	703

	
	3' end
	4.4ML/1160S.rev2 + V2620
	57
	668

	4.4ML
	5' end
	-*
	57
	-*

	
	3' end
	-*
	57
	-*

	03-12ML
	5' end
	03-12ML.forw + V440
	57
	741

	
	3' end
	03-12 ML.rev + V2620
	57
	820

	03-210T
	5' end
	03-210T.forw + V440
	57
	779

	
	3' end
	03-210T.rev + V2620
	57
	853

	02-354T
	5' end
	02-354T.forw + V440
	57
	887

	
	3' end
	02-354T.rev + 2620
	57
	904

	Positive control
	Internal
	V440 + V2620
	57
	369


Table 21: Primer pairs used for the integration analysis of tumor tissue. In PCRs with the V440 primer 614 base pairs of the resulting amplicon is derived from the provirus, while in PCRs with the V2620 primer 380 base pairs are derived from the provirus. *No tumor tissue was available for integration analysis of tumor 4.4ML. N/A, the forward primer that was designed for the proviral integration in tumors 02-327S turned out to anneal downstream of the integration site, as the integration position of this tumor was found to be different from what was determined by Picobella.    

Primers except the LTR-specific V440 and V2620 (Designed by Mads Rasmussen) were designed in this study.

8.6 RNA purification and RT-PCR

RNA was purified by TRIZOL (Invitrogen) or the RNeasy Mini Kit (QIAGEN). For tumor tissue, the RNeasy kit was used, while the TRIZOL reagent was used for cell lines. Purified RNA was stored at -80 C, while cDNA was stored at -20°C.

When purifying RNA from frozen tumors, a small piece of tissue was first excised from the tumor stock while keeping the tissue frozen on dry ice. The protocol termed “Purification of Total RNA from Animal Tissues” for the RNeasy Mini Kit was followed. The steps for unstabilized frozen tissue was followed and the tissue was disrupted using a homogenizer. At the last step, RNA was eluted in 30 l of RNase free water and put on ice.  

When purifying RNA from cultured cells, 5 millions of cells were added 1 ml of TRIZOL and the cells were disrupted by gently pipetting up and down ten times. The protocol from the manufacturer was followed, however all centrifugation steps were extended to twice the length and performed at 4 C. Before redissolving the RNA pellet, it was air dried for 2 minutes. 40 l of DEPC water was added and the sample was incubated at 56 C for 10 minutes. After this, the RNA was kept on ice. 

Prior to cDNA synthesis, RNA concentration was measured spectrophotometrically at an absorbance of 260nm. The integrity of the RNA was assessed by mixing 1-2 g total RNA with DNA/RNA loading buffer. This was then loaded on a 1% agarose 0.5xTAE (Invitrogen) gel containing 1:14000 SYBR Safe gel stain (Invitrogen) and visualized using a Safe Imager blue light transilluminator (Invitrogen). If the RNA is intact two discrete bands, corresponding to the 18S and 28S ribosomal RNA, will be visible. Furthermore, the 28S band should be twice as bright as the 18S band. Visualization of this was a criterion before using the RNA in downstream applications. 

Routine DNase treatment using a DNA-free Kit (Applied Biosystems) was performed on 10 g of isolated RNA to eliminate possible DNA contamination. After this, 2 g DNase-treated RNA was used for cDNA synthesis combined with oligo (dT)18 primers using the Revert Aid H Minus First Strand cDNA Synthesis Kit (Fermentas). A control without reverse transcriptase was included for all cDNA synthesis samples.

Absence of DNA in the cDNA samples was verified by PCR amplification of the housekeeping gene GAPDH. Amplification of GAPDH cDNA would give a PCR amplicon with a size of 452 bp (for murine and human cDNA), while contamination of genomic GAPDH DNA would give a PCR amplicon with a size of 646 / 556 bp for murine and human cDNAs, respectively (Table 22). 

Ccnd3 chimeric viral/host sequence transcripts, canonical AXIN1 transcripts, chimeric AXIN1 viral/host transcripts and AXIN1 “amplicon 4” were detected with the primers listed in Table 22. The annealing temperature and amplicon size are also listed in Table 22.

PCR components and concentrations were as noted in 8.3. 1 l cDNA was used as template, corresponding to approximately 0.1 g cDNA. Furthermore, the PCR program described in 8.3 was used for all the PCRs listed in table 22. When amplifying GAPDH and Ccnd3 chimeric transcripts the lengths of each step was as follows; denaturation (1 min), annealing (1 min) and extension (1 min). When amplifying the AXIN1 canonical transcript, amplicon 4 and chimeric transcripts the denaturation step was extended to 3 minutes.

Furthermore, when amplifying Ccnd3 chimeric transcripts the number of cycles was set at 40 and when amplifying chimeric splice products the extension time was extended to 3 minute and the annealing temperature was varied from 53°C to 58°C.

	Template

(cDNA from tumors / cells)
	Gene
	Amplicon
	Primer set
	Annealing temp., C
	Amplicon (base pair)

	All cDNA samples
	GAPDH
	GAPDH 
	GAPDH.forw + GAPDH.rev
	55
	cDNA 452 /

gDNA 646

	04-1450S
	Ccnd3,
	Chimeric transcript
	MHR#140 + 04-1450S.rev2
	-*
	176

	02-327S
	Ccnd3,
	Chimeric transcript
	MHR#140 + 02-327S.rev2
	57
	330

	03-95ML
	Ccnd3,
	Chimeric transcript
	MHR#140 + 03/4S.rev
	57
	721

	04-1461S (1)
	Ccnd3,
	Chimeric transcript
	MHR#140 + 04-1461S.rev2
	57
	192

	03/4S
	Ccnd3,
	Chimeric transcript
	MHR#140 + 03/4S.rev
	57
	193

	04-1160S
	Ccnd3,
	Chimeric transcript
	MHR#140 + 4.4ML/04-1160S.rev2
	57
	334

	04-1461S (2)
	Ccnd3,
	Chimeric transcript
	MHR#140 + 04-1160S.rev2
	-*
	327

	4.4ML
	Ccnd3,
	Chimeric transcript
	MHR#140 + 4.4ML/04-1160S.rev
	57
	430

	03-12ML
	Ccnd3,
	Chimeric transcript
	MHR#140 + 03-12ML.rev2
	-*
	182

	03-210T
	Ccnd3,
	Chimeric transcript
	MHR#140 + 03-21OT.rev2
	-*
	244

	02-354T
	Ccnd3,
	Chimeric transcript
	MHR#140 + 02-354T.rev2
	-*
	223

	03/4S, 04-1160S and 4.4ML
	Ccnd3,
	Spliced chimeric transcript 
	MHR#140 + Ccnd3.exon3.rev
	-*
	N/A

	03/4S, 04-1160S and 4.4ML
	Ccnd3,
	Spliced chimeric transcript 
	MHR#140 + Ccnd3.exon2.rev
	-*
	N/A

	BeWo, K562, HeLa
	AXIN1
	Canonical transcript
	AXIN1.exon2.forw + AXIN1.exon4.rev
	67
	581

	BeWo, K562, HeLa
	AXIN1
	Amplicon 4
	AXIN1.amp4 forw + AXIN1.amp4.rev
	58
	417

	BeWo, K562, HeLa
	AXIN1
	Chimeric transcript
	ERV9.forw + Intron2.rev1
	55
	176

	BeWo, K562, HeLa
	AXIN1
	Nested chimeric transcript
	ERV9.forw.nested + Intron2.rev1.nested
	55
	146

	BeWo, K562, HeLa
	AXIN1
	Chimeric transcript
	ERV9.forw + Intron2.rev2
	55
	540

	BeWo, K562, HeLa
	AXIN1
	Nested chimeric transcript
	ERV9.forw.nested + Intron2.rev2.nested
	55
	515


Table 22: Primers used for RT PCRs. cDNA used as template and primer set for each specific amplicon is listed along with the experimental determined annealing temperature for the primers and the expected amplicon size. Primers, except the LTR-specific MHR#140 (Designed by Mads Rasmussen) were designed in this study. N/A, size unknown. *Not determined. 

8.7 Premade vectors

Prior to this project, Magdalena Pyrz designed a set of vectors containing a LTR surrounded by two reporter genes, firefly and Renilla luciferase. Four different vectors were available; two vectors with both reporter genes and the LTR in forward or inverse orientation, and two control vectors in which the Renilla reporter was deleted and the LTR was in either forward or inverse orientation. Two sets of these plasmids had been prepared; one set with an Akv LTR and one set with a SL3-3 LTR. The vectors had been cloned by insertion of a Renilla gene and a LTR into the pGL3.basic vector, by using the SacI/MluI and NheI/XhoI restriction sites, respectively.

The vector maps for pGL3.Akv and pGL3.Akv.dR with all elements indicated are given in figure 23. 
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Figure 23: Vector maps of the vectors, pGL3.Akv and pGL3.Akv.dR, designed by Magdalena Pyrz. The upper vector map shows the vector containing the LTR in sense orientation and both reporter genes (pGL3.Akv), while the lower vector map shows the vector containing the LTR and only one reporter gene (pGL3.Akv.dR). All the vector elements and their locations are indicated on the maps including an amp (r) (ampicilin resistance gene), SV40 or synthetic derived polyA sites and a f1 origin in addition to the viral Akv 

LTR and the two luciferase reporter genes, firefly and Renilla. The restriction sites surrounding the LTR (MluI and BglII) are indicated in yellow and pink, respectively. The figure was made by the author using CLC work bench. 

The ampicilin gene, the f1 origin and the ColEI-derived repeat origin are important for amplification in bacteria. The SV40 late polyA sites should terminate transcripts from the LTR in both directions, and thereby minimize the interference of transcription reading in opposite directions (Figure 23). 

The synthetic upstream polyA site is likewise important for minimizing interference of the Renilla transcription by firefly transcription. The restriction sites surrounding the LTR can be used for replacing the LTR insert (MluI and BglII) are indicated in yellow and pink, respectively (Figure 23). 

8.8 Cloning 

The general cloning procedure was as follows. First plasmid backbones and inserts were prepared (inserts were either excised directly from plasmids, or PCR amplified from plasmids in order to introduce new terminal ends) by digestion with two specific restriction enzymes. After this, the fragments were separated on an agarose gel (as described for PCR products in 8.3). Undigested plasmid and plasmid digested with only one of the two restriction enzymes were always included on the gel, in order to verify that the plasmid fragments migrated as expected. The fragments with the right sizes was then gel-purified and concentration of both plasmid backbone and insert were determined on a gel. 

Insert and plasmid backbone were then ligated. Bacteria was transformed with the ligation mix and then plated out on agar plates with the appropriate antibiotic. When bacteria colonies appeared on the plate, colony-PCR was performed on at least eight clones, in order to assess if the insert had been inserted in the plasmid back bone. Colonies, that gave the right sized PCR amplicon were picked out and small scale overnight bacterial cultures were prepared (minipreparation). Minipreparations were analysed by restriction analysis, clones that gave DNA fragments with the expected size were sequenced and aligned to sequence files designed in CLC workbench. Minipreparations with a correct, verified sequence were then prepared as large scale overnight bacterial cultures (maxipreparations). After purification of plasmid from large scales, restriction analysis and sequencing were repeated. Each step of the cloning procedure is explained in further details below. A complete list of the plasmids that were cloned in this study is given in table 23. The origin of the insert and the origin of the plasmid backbone from which each plasmid derives from are also listed. Furthermore, the sizes of each plasmids are listed.

8.8.1 Digestions and ligations

For all digestions, 5 g vector (or several pooled PCR reactions) were double digested with Fast Digest restriction enzymes for the time recommended by Fermentas. The final concentration in a digestion reaction was as follows: 1x Fast Digest Green Buffer (Fermentas) and 4 l of each fast digest restriction enzyme (Fermentas) in a total volume of 100 l. When digesting vectors used for backbone, 4 u of alkaline phosphatase (Fermentas) was also added to dephosphorylate the overhangs and avoid self ligation. 

The fragments from the digested vectors were separated on a 1% agarose gel, bands of interest were cut out and gel-purified using GFX PCR DNA and Gel Band Purification Kit (GE Healthcare). Digested PCR amplicons were GFX purified directly from the PCR mixture using the same kit. All DNA fragments were eluted with 50 l Elution buffer 4. 

In order to estimate the concentration of the GFX purified products, various volumes of the gel-purified fragments were loaded on a 1% agarose 0.5 TBE gel and the amount of nucleotides were estimated in relation to a marker with a known concentration. 

Subsequently, the ligation reaction was done in two different ratios, vector-insert 2:3 or 1:3 (relative to number of bases), with 0.5 u T4 ligase (Fermentas) and 1x T4 ligase buffer (Fermentas) in a total volume of 20 l. If possible 150 ng of vector was used, and the amount of insert was then varied. A control where ddH20 was added instead of insert was always included to determine the amount of self ligation for the vector. Ligations were done overnight at 14 C. 

	Name of Plasmid 
	Size of plasmid (bp)
	Origin of backbone 
	Origin of LTR insert or deletion of fragment

	pGL3.SL3-3.Introns
	6911
	pGL3.Akv*
	“MINX.SL3-3.PIP7A” insert in pUC57***

	pGL3.SL3-3.dR.Introns
	5702
	pGL3.Akv.dR*
	“MINX.SL3-3.PIP7A” insert in pUC57***

	pGL3.SL3-3.Inv.Intron
	6911
	pGL3.SL3-3.Introns
	Insert was PCR amplified from pGL3.SL3-3.Introns

	pGL3.SL3-3.3xNF1mut.Introns
	6911
	pGL3.SL3-3.Introns
	Insert was PCR amplified from pSL3(3mNF1)cat**

	pGL3.SL3-3.3xNF1mut.dR.Introns
	6911
	pGL3.SL3-3.dR.Introns
	Insert was PCR amplified from pSL3(3mNF1)cat** 

	pGL3.SL3-3.3xNF1mut.Inv.Introns
	5702
	pGL3.SL3-3.Introns
	Insert was PCR amplified from pSL3(3mNF1)cat** 

	pGL3.Akv.Introns
	6910
	pGL3.SL3-3.Introns
	Insert was PCR amplified from pGL3.Akv*

	pGL3.Akv.dR.Introns
	5701
	pGL3.SL3-3.dR.Introns
	Insert was PCR amplified from pGL3.Akv*

	pGL3.Akv.Inv.Intron
	6910
	pGL3.SL3-3.Introns
	Insert was PCR amplified from pGL3.Akv* 

	pGL3.SL3-3.Introns.dM
	6776
	pGL3.SL3-3.Introns
	Deletion of MINX (MluI – NheI fragment)

	pGL3.SL3-3.dR.Introns.dM
	5567
	pGL3.SL3-3.dR.Introns
	Deletion of MINX (MluI – NheI fragment)

	pGL3.SL3-3.Inv.Intron.dM
	6776
	pGL3.SL3-3.Introns
	Deletion of MINX (MluI – NheI fragment)

	pGL3.SL3-3.3xNF1mut.Introns.dM
	6776
	pGL3.SL3-3.3xNF1mut.Introns
	Deletion of MINX (MluI – NheI fragment)

	pGL3.SL3-3.3xNF1mut.dR.Introns.dM
	5567
	pGL3.SL3-3.3xNF1mut.dR.Introns
	Deletion of MINX (MluI – NheI fragment)

	pGL3.SL3-3.3xNF1mut.Inv.Intron.dM
	6776
	pGL3.SL3-3.3xNF1mut.Introns
	Deletion of MINX (MluI – NheI fragment)

	pGL3.Akv.Introns.dM
	6775
	pGL3.Akv.Introns
	Deletion of MINX (MluI – NheI fragment)

	pGL3.Akv.dR.Introns.dM
	5566
	pGL3.Akv.dR.Introns
	Deletion of MINX (MluI – NheI fragment)

	pGL3.Akv.Inv.Intron.dM
	6775
	pGL3.Akv.Introns
	Deletion of MINX (MluI – NheI fragment)

	pGL3.ERV9.Introns
	7593
	pGL3.SL3-3.Introns
	“ERV9 forward” insert in pUC57***

	pGL3.ERV9.Introns.dM
	7458
	pGL3.SL3-3.Introns.dM
	“ERV9 forward” insert in pUC57***

	pGL3.ERV9.dR.Introns.dM
	6248
	pGL3.SL3-3.dR.Introns.dM
	“ERV9 forward” insert in pUC57***

	pGL3.ERV9.Inv.Introns.dM
	7458
	pGL3.SL3-3.Introns.dM
	“ERV9 inverse” insert in pUC57***


Table 23: Overview of designed vectors and the origin of inserts and backbones. The complete set of plasmids that were prepared is listed together with their sizes and the origin of the backbone and the insert, that they were constructed from. *Provided by Magdalena Pyrz, **Provided by Karina Dalsgaard Sørensen [Ethelberg et al., 1997], ***The “MINX.SL3-3.PIP7A”, “ERV9 forward” and “ERV9 inverse” inserts were designed in CLC workbench and synthesized at Genscript. All the plasmids listed in the first column were designed and cloned in this study.

8.8.2 Gap-filling and blunt end ligation

When ligating vectors with overhangs having non complementary overhangs, gap-filling of these overhangs was performed prior to blunt end ligation.

Gap-filling was then done in a 50 l reaction containing the following: 12.5 u pfu polymerase (Fermentas), 0.2 mM dNTP (Invitrogen), 1x pfu buffer (Fermentas) and 20 l gel-purified vector. The reactions were incubated for 15 minutes at 72 C. The end-filled products were then GFX purified. Ligations were incubated overnight at 14 C.

8.8.3 Heatshock transformation

Ligations mixes were transformed into competent DH5 cells using heat shock: 10  l of the ligation mix was mixed with an aliquot of DH5 and incubated on ice for 15 min. Afterwards the bacteria were heat-shocked for 1 min and 15 sec at 42 C degrees. 600 l LB media was subsequently added and the bacteria were incubated for one hour at 37 °C on a shaking table before spreading out the culture on LB plates containing the appropriate antibiotic. 

8.8.4 Colony-screening 

Colonies were screened by PCR amplification using primers matching the sequence surrounding the insert. Colonies having the correct sizes were picked out for minipreparation. When transferring bacteria material to the PCR tube with a p10 tip a replica plate was made.

The PCR mix contained the components and concentrations listed in 8.3. The following PCR conditions were used for all colony-PCRs: a first step of melting for 10 min at 95°C (to disrupt the bacteria and release the plasmid DNA) followed by 30 cycles of melting (1 min at 95°C), annealing (1 min at 55) and extension (1-2 min at 72°C). A final extension step at 72°C was done for 10 min.

8.8.5 Minipreparations and maxipreparations

Small scale overnight cultures were prepared by picking a single colony from the freshly streaked replica plate (prepared when doing colony-screening) and transferring this to a tube containing 3-4 ml of LB medium with the appropriate type and concentration of antibiotic. These cultures were left on a shaking table overnight at 37 C. Plasmid were purified using the E.Z.N.A. Plasmid Mini Kit (OMEGA) and were eluted in 50 l elution buffer. 

Large scale overnight cultures were prepared in a similar way. A single colony was picked from a freshly streaked plate and transferred to a culture flask with 100 ml LB medium with the appropriate type and concentration of antibiotic.  The culture flask was left overnight on a shaking table at 37 C. Plasmid was purified using the NucleoBond Plasmid Purification Kit (MACHEREY-NAGEL), and the maxi protocol for high-copy plasmid purification was followed. When clarifying the lysate, the filter option was chosen. The DNA pellet was dissolved in sterile ddH20, to a concentration of approximately 1 mg/ml. DNA concentration was measured spectrophometrically at 260nm.

Glycerol stocks for long term storage of bacterial culture were prepared for all large scales. 1 ml of culture was drawn from the large scale overnight culture before pelleting the bacteria by centrifugation. The culture was mixed with 0.5 ml of 50 % glycerol in a tube. Glycerol stocks were stored at -80 C. 

8.8.6 Amplification of LTR inserts

LTR inserts with unique restrictions sites were obtained by PCR amplification with primers that introduced the specific restriction sites. The forward Akv and SL3-3.3xNF1.mut LTR inserts were obtained by PCR amplification using the two primers, LTR.insert.forw and LTR.insert.rev and the templates pGL3.Akv and pSL3(3mNF1)cat, respectively. 

The inverse Akv, SL3-3 wt and SL3-3.3xNF1.mut LTR inserts were also obtained by PCR amplification, however using the primers, inverse.LTR.insert.forw and inverse.LTR.insert.rev. The templates for these PCRs were pGL3.Akv, pGL3.SL3-3 and pSL3(3mNF1)cat, respectively (Table 23).  

The PCR conditions listed in 7.3 was used, and 0.1 g – 0.2 g of the respective plasmids were used as template. The length of each step in the PCRs were as follows; denaturation (1 min), annealing (1 min) and extension (1½ min). The annealing temperature was set at 55 C.

8.9 Transient transfection

Transfections were done either in 24 well plates, 6 well plates or T25 flasks. Cells transfected for luciferase experiments were transfected in the plates, while cells transfected for RNA purification and 5'RACE were transfected in T25 flasks. The number of cells, mg DNA to be transfected and the amount of transfection solution were adjusted according to growth area (Table 24). The number of seeded cells found to be optimal, were discovered halfway through the project. Therefore, the initial experiments were not adjusted according to this table. NIH-3T3 cells were transfected using Turbofect (Fermentas), while HEK-293 cells were transfected using calcium phosphate precipitation. All transfections were done in triplicates.

24 well plates were coated with poly-L-lysin prior to cell seeding: wells were added 0.01% poly-L-lysin in PBS, incubated for 5 minutes and the poly-L-lysine solution were removed. Thereafter, plates were left drying for 15 minutes. Before seeding cells, the wells were washed twice, first in PBS and then in medium. 

For all transfections, cells were seeded out 24 hours prior to transfection and two hours before transfection, the medium was renewed. 

For calcium phosphate transfection of HEK-293 cells, plasmid DNA was added ddH20 to a specific volume, and just before transfecting the cells, 2.5 M CaCl2 was added to this mix (Table 24). This mix was then slowly transferred to a tube containing 2xHEPES while vortexing. Immediately after, this solution was slowly added to the cells, that were to be transfected. Plates were rocked gently to achieve even distribution of the complexes.  

For Turbofect transfection of NIH-3T3 cells, the protocol from the manufacturer (Fermentas) was followed.

	
	Growth area cm2
	Number of 

seeded cells
	pSV2-CAT
	pmaxGFP
	pUC19 and  pGL3 luciferase reporter vector
	Transfection solution

	24 well
	2.0
	105.000 HEK-293

42.000 NIH-3T3
	150 ng  
	100 ng 
	850 ng in total
	52 l 2xHEPES, 5 l 2.5 M CaCl2

2.0 l Turbofect + 100 l DMEM* 

	6 well
	9.5
	500.000 HEK-293

200.000 NIH-3T3
	660 ng
	440 ng
	3300 ng in totak
	208 l 2xHEPES, 20 l 2.5 M CaCl2

6 l Turbofect + 400 l DMEM*

	T25 flask
	25
	1.250.000 HEK-293

500.000 NIH-3T3
	1500 ng
	1000 ng
	8500 ng in total
	520 l 2xHEPES, 250 l 2.5 M CaCl2

15 l  Turbofect + 650 l DMEM*


Table 24: Transfection setup. The number of seeded cells and the amount of total DNA and transfection solutions were adjusted according to the growth area of the tissue culture vessels. HEK-293 cells were transfected using calcium phosphate, while NIH-3T3 were transfected using Turbofect (Fermentas). The number of cells found to be optimal, were discovered halfway through the project. Therefore, the initial experiments were not adjusted according to this table. In total cells in 24 well plates and in 6 well plates were transfected with 1.1 g or 4.4 g total plasmid DNA. Cells seeded in a T25 flask was transfected with 11 g plasmid DNA in total. The amounts of pSV2-CAT and pmaxGFP was constant relative to the number of cells, whereas the amounts of pUC19 and pGL3 luciferase reporter was varied according to the size of the pGL3 vector. *serum free. 

In luciferase experiments the same copy number of each type of pGL3 plasmid was transfected in a series of transfections. However, as the vectors differ in size; while the smallest one (pGL3.basic) is only 4818 base pairs, the largest ones (pGL3.ERV9.Introns.dM and pGL3.ERV9.Inv.Introns) are 7458 base pairs in total (Table 21), the number of g was corrected relative to the number of base pairs.

In order to transfect seeded cells with the same g of plasmid DNA for each pGL3 construct, the DNA amount was adjusted by adding different amounts of a vector that did not interfere with the experimental set up, pUC19. 

Cells were also co-transfected with two other plasmids pmaxGFP and pSV2-CAT, making it easy to analyse for transfection efficiency. In the first dex experiment with the original Akv pGL3 vectors (4.2.1.1), the cells were co-transfected with  pcDNA3. 

Example for pGl3.ERV9.Introns.dM; cells seeded in a well in a 24 plate was transfected with 850 ng pGL3.ERV9.Introns.dM, 150 ng pSV2-CAT, 100 ng  pmaxGFP and 0 ng of pUC19. This was simply scaled up if doing the same transfection in 6 well plates (Table 24). pmaxGFP and pUC19 were kindly provided by Ane Kjeldsen (originally purchased from Lonza and NEB, respectively). pSV2-CAT and pcDNA3 were kindly provided by Magdalena Pyrz (originally purchased from ATCC and Invitrogen, respectively).

24 hours post transfection the medium was renewed (with or without 1 M dex) and the transfection efficiency was analysed by examining the presence of GFP's chromophore in fluorescent microscopy. 

48 hours after transcfection, the cells were harvested either using the protocol for the Luciferase assay (8.10), or by adding trypsin and subsequently washing the cell pellet in PBS (when preparing for RNA purification).  

8.10 Quantification of reporter genes and plasmid DNA

The lysates ready for quantification of reporter genes and plasmid DNA were prepared as follows. Cells were rinsed with PBS, the PBS was removed and 1x freshly prepared passive lysis buffer (PLB) from the Dual Luciferase Kit (Promega) was added to the culture wells. The volume of 1x PLB was adjusted to the growth area in the wells, according to the Promega protocol. Afterwards, plates were left on a shaking table for 15 minutes before transferring  the cell lysates to eppendorf tubes on ice. Cell samples were centrifuged at 4C for 5 minutes and the supernatant was transferred to new tubes placed on ice. The supernatant was stored at -20C.

8.10.1 Dual luciferase assay

The luciferase activities in the cellular extracts were measured using the Dual Luciferase Assay (Promega) and a manual Lumat LB 9501 luminometer (Berthoid). In the Dual Luciferase Assay the activity of two different luminescence reporters are measured sequentially from the same sample. It is possible to selectively discriminate between the two reporters bioluminescence as they have different substrate requirements.

The activity of firefly luciferase is measured first by adding Luciferase Assay Reagent II (LARII) that gives a stabilized luminescent signal. Subsequently, Stop and Glo is added; this substrate quenches the firefly luminescence and initiates the Renilla luciferase reaction. Experimentally, 10 l of cell lysate sample was transferred to a tube, 50 l LARII was then added and the firefly activity was measured. Afterwards, 50 l of Stop and Glo was added and the Renilla activity was then measured. Both reporter activities were measured in a window of 10 seconds. The Stop and Glo reagent was freshly prepared prior to each experiment. 

8.10.2 CAT quantification assay

CAT quantification was used for correlating the firefly and Renilla luciferase data. The amount of total CAT protein was determined using the CAT ELISA Kit (Roche, Applied Science). This assay is based on the sandwich ELISA principle. Antibodies to CAT are prebound to the surface of the wells in a microplate and when adding cell lysate containing CAT, the CAT binds specifically to the microplate. After this, a digoxigenin-labeled antibody to CAT is added, which binds CAT. Then an antibody to digoxigenin conjugated to peroxidase is added. Last, the peroxidase substrate is added and the peroxidase enzyme catalyses cleavage of the substrate yielding a coloured reaction product.   

The protocol from the manufacturer was followed expect a single change; cell lysis was performed with the lysis buffer from the Dual Luciferase Kit as described in 8.10, and not with the lysis buffer included in the CAT ELISA Kit. The Dual Luciferase lysis buffer has not been optimized for use in conjunction with the ELISA assay, however it was reckoned that if dilution of the CAT enzyme standard would give a linear calibration curve, the buffer would not interfere with the assay. 

The optimal volume of cell lysate was determined by doing a small scale pilot experiment before running all samples. The ELISA plates were read at 405 nm in a Quant microplate reader (Bio-Tek Instruments). A calibration curve was obtained for each plate from a dilution series of the CAT enzyme standard and the unknown CAT concentration of the cell lysate samples were then determined. The dilution series of the CAT standard was found to give a linear calibration curve even though the Dual Luciferase lysis buffer was used when harvesting the cells.  

8.10.3 PCR-amplification of plasmid DNA from cell lysate samples

PCR mix were prepared as usual (8.3) and the primers Renilla.rev.nested and MHR#140 were included. This should give a PCR amplicon of 225 base pairs. The PCR program described in 8.3 was used and denaturation, annealing and extension steps were all set at 1 min. The annealing temperature was set at 55 C and 40 cycles of amplification were performed.

8.11 5' Rapid Amplification of cDNA Ends (5' RACE)

RNA from tumor tissue or from cultured cells (either transfected or not) was used for 5' RACE. RNA was purified, visualized on an agarose gel and DNase-treated as previously explained in 8.6 prior to 5' RACE. 5' RACE was performed using the GeneRacer Kit (Invitrogen) on 1.9-2.0 g total RNA. cDNA was synthesized using SuperScript III Reverse Transcriptase with random primers (Invitrogen).  

The 5' RACE method is based upon the ligation of an RNA oligonucleotide to decapped full length mRNA, while truncated and non mRNA is prevented from ligation with the oligo. When the full length RNA has been transcribed to cDNA, the RNA oligo provides a known priming site. This makes it possible to investigate the 5' end of transcripts by PCR methods. 

The resulting 5' RACE cDNAs were used for PCRs. Two PCR rounds were performed; In the first PCR the oligo.forw primer was combined with a gene specific primer and in the second PCR nested primers were used. 

The final concentration of components in a 50 ml PCR reaction mix was the same as described in 8.3 however with few exceptions: In the nested PCR 2.5 units of Taq was added and in the not nested PCR 0.6 M oligo-specific primer and 2.5 units True Taq polymerase was added. The amount of cDNA template was approximately 0.10 mg in the non nested PCR. In the nested PCR, 5 l from the first PCR was used as template.

PCR settings for PCR amplification of firefly transcripts from RACE cDNA (from transfected HEK-293 cells) were as described in 8.3. The length of the steps were as follows; denaturation (1 min), annealing (1 min) and extension (2 min). The annealing temperature was set at 55 C. The program for the not nested and the nested PCR was identical.

For PCRs on RACE cDNA from both tumor, K562 and transfected HEK-293 (amplification of Renilla AS transcripts), different PCR-settings were tested in order to try and optimize the PCR amplification to increase the specificity. A PCR touch-down program was designed: First, the PCR machine was preheated to 95C before placing the tubes in the heating block. Then an initial denaturation step at 95 C for 3 minutes was followed by 2 x 5 cycles of 1 minute of denaturation at 95 C and then 1½ minute of annealing at 72 C in the first round and 70 C in the second round. Subsequently, 25 cycles of denaturation (95 C for  1 min), annealing (55– 65 C at 1 min) and extension (72 C at 1½ min) was performed. The cycles were followed by a final extension step of 10 minutes. Afterwards a nested PCR was performed with a regular PCR program: An initial denaturation step for 3 minutes at 95 C followed by 35 cycles of denaturation (95 C for 1 minute), annealing (55-58 C for 1 minute) and extension (72 for 1½ minute). The cycles were followed by a final extension step of 10 minutes. 

The primers used for amplification of 5' RACE products for each type of 5' RACE cDNA are listed in table 25. In order to ensure that the steps in the 5' RACE had successfully added a linker to mRNAs, a control reaction were included for all PCRs with the linker specific oligo.forw primer combined with the GAPDH.rev primer, having a known amplicon size of 1108 base pairs.

	5'RACE cDNA
	Mapping of 5' ends
	First PCR
	Nested PCR

	Tumor 04-1160S
	Chimeric SL3-3 / Ccnd3 transcript
	4.4ML/04-1160S.rev2
	4.4ML/04-1160S.rev2.nested

	
	
	Ccnd3.RACE.P1.rev
	 Ccnd3.RACE.P1.rev.nested

	K562 cells
	Chimeric ERV9 / Axin1 transcript
	Intron2.rev2
	Intron2.rev2.nested

	
	
	Amp4.forw
	Amp4.forw

	Transfected HEK-293 cells
	Chimeric firefly transcripts
	Firefly.rev
	Firefly.rev.nested

	Transfected HEK-293 cells
	Chimeric Renilla transcripts
	Renilla.rev
	Renilla.rev.nested

	
	
	Renilla.rev
	Renilla.rev2.nested


Table 25: Primers used for amplification of 5 RACE products. In the “first PCRs” the listed primers were combined with the oligo-specific, oligo.forw primer, while for the “nested PCRs” the listed primers were combined with the nested oligo.forw primer. The 4.4ML/04-1160S.rev2 primer anneals downstream of the proviral integration site in the 04-1160S tumors and Ccnd3.RACE.P1.rev anneals to exon 3 of Ccnd3. The Intron2.rev2 primers anneals immediately downstream of the ERV9 integration in Axin1 and the Amp4.forw primer anneals further downstream (although this primer is termed “forw.” it used as a reverse primer in this set-up). The firefly and Renilla primers are specific for the reporter constructs and anneals to the ends of the luciferase gene that are closest to the LTR. All primers, except Amp4.forw and rev were designed in this study. The Amp4 primer sequences were obtained from Ling et al [Ling et al., 2002].

After analysis of the amplified PCR products on an agarose gel, the PCRs were immediately TOPO cloned and transformed into DH5a cells according to the 5' RACE protocol. 4 l PCR amplification product from 5' RACE was cloned into 0.7l TOPO4 vector (Invitrogen). 

Random colonies were picked out for colony-PCR. Positive clones were chosen for minipreparation and these plasmids were then sequenced. These procedures have been described in 8.8.4, 8.8.5, 8.4 respectively.

The sizes of the cloned PCR amplicons were screened with digestion with EcoRI (which cleaves at two sites surrounding the insert in the TOPO4 vector), colonies were picked out for minipreparation and then sequenced.
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APPENDIX I

All primers used in this study is listed in the table below. The application of the primers and their sequence are noted.

	Primer name
	Application
	Sequence (5'-3')

	04-1450S.forw
	Integration analysis, tumor 04-1450S
	TCGGCTCAGACTTAGTATAACCACTGA

	04-1450S.rev
	Integration analysis, tumor 04-1450S
	CACACCTTCATGCTTGTGAGCCA

	02-327S.forw
	Integration analysis, tumor
	GTGGGCCTGTGTCGGTGACA 

	02-327S.rev
	Integration analysis, tumor
	CGCTTGGCCTTAAACTGGCGA

	03-95ML.forw
	Integration analysis, tumor 03-95ML and 04-1461S (2)
	GTATGGGTGTCATCAGAGGCCAGA

	03/4S.forw
	Integration analysis, tumor 03/4S
	GGTTCTAGTGCCGGAGCTGAAACA

	03/4S.rev
	Integration analysis, tumor 03-95ML, 03/4S and 04-1461S (2)

Chimeric Ccnd3 transcript, tumor  03-95ML
	GTTTGCACCTTCTGAGCACTGGGT 

	04-1160S.forw
	Integration analysis, tumor 04-1160S and 04-1461S (1)
	GCCTGGGAACCGATTGTTAGTCTGT

	4.4ML/04-1160S.rev.2
	Integration analysis, tumor 04-1160S and 04-1461S (1)

Chimeric Ccnd3 transcript, tumor 04-1160S

PCR on 5' RACE cDNA, tumor 04-1160S
	CACGTGCACCATGGAGTACACGTCGT

	03-12ML.forw
	Integration analysis, tumor 03-12ML
	GGCTGTGCGTTTGCGGGCAGT

	03-12ML.rev
	Integration analysis, tumor 03-12ML
	AGCAAGTACTCATGACCCACATGA

	03-210T.forw
	Integration analysis, tumor 03-210T
	CCTCCACATGCACGCTGTGATGT

	03-210T.rev
	Integration analysis, tumor 03-210T
	TGAGATCCGGGATGGCCAGGT

	02-354T.forw
	Integration analysis, tumor 02-354T 
	CTTGCTCAGCGCAAGACTAGTGTGT

	02-354T.rev
	Integration analysis, tumor 02-354T
	GGATCCACTATCCACTATACAGACAAT

	V2620 (LTR specific)
	All integration analysis
	GGTTGATCCCCGGTCATCTGGG

	V440 (LTR specific)
	All integration analysis

Sequencing of designed plasmids
	TTCATAAGGCTTAGCCAGCTAACTGCAG

	MHR#140 (LTR specific)
	All chimeric transcripts

Sequencing of designed plasmids
	CTGCAGTTAGCTGGCTAAGCCTTATGAA

	04-1450S.rev2
	Chimeric Ccnd3 transcripts, tumor 04-1450S
	ACTGAACTCTGACCTCCAAGCAC

	03-327S.rev2
	Chimeric Ccnd3 transcripts, tumor 02-327S
	ACCAGGTTACAGTAGTTCTGCC

	04-1461S.rev2
	Chimeric Ccnd3 transcripts, tumor 04-1461S (1)
	ATGACACCCAAGCCGGACAGTGGTA

	03/4S.rev2
	Chimeric Ccnd3 transcripts, tumor 03/4S
	CCAAGGCTAGCCTTGACTAGAAG

	4.4ML/04-1160S.rev
	Chimeric Ccnd3 transcripts, tumor 4.4ML
	CTTATCTGTTTGAGACACTGCCTTACCTCT

	03-12ML.rev2
	Chimeric Ccnd3 transcripts, tumor 03-12ML
	GATGGATTGTGAGCCACCAGG

	03-21OT.rev2
	Chimeric Ccnd3 transcripts, tumor 03-210T
	CCT TTAAGCTCTTAGAATGCTACTGT

	02-354T.rev2
	Chimeric Ccnd3 transcripts, tumor 02-354T
	AGCCAGACCCATGTCAGATGAC

	Ccnd3.exon3.rev
	Spliced Ccnd3 transcript tumor 03/4S, 4.4ML and 04-1160S
	GCACTGGAAGTAGGAGGCTC

	Ccnd3.exon2.rev
	Spliced Ccnd3 transcript 03/4S, 4.4ML and 04-1160S
	CTGGTCCATAGCTTCCAGAG

	GAPDH.forw
	GAPDH control amplification of all cDNA samples
	ACCACAGTCCATGCCATCAC

	GAPDH.rev
	GAPDH control  amplification of all cDNA samples

PCR on all 5' RACE cDNA samples
	TCCACCACCCTGTTGCTGTA


Table continued.

	4.4ML/04-1160S.rev2.nested
	PCR on 5' RACE cDNA, tumor 04-1160S
	GGAGTACACGTCGTGGTGCTCACAGAGAGGTCA

	Ccnd3.RACE.P1.rev 
	PCR on 5' RACE cDNA, tumor 04-1160S
	GAGCCTCCTACTTCCAGTGCGTGCAAAAGGAG

	Ccnd3.RACE.P1.rev.nested
	PCR on 5' RACE cDNA, tumor 04-1160S
	ACGCACTGGAAGTAGGAGGCTCGCGGCA

	Oligo.forw
	PCR on 5' RACE cDNA
	CGACTGGAGCACGAGGACACTGA

	Oligo.forw.nested
	PCR on 5' RACE cDNA
	GGACACTGACATGGACTGAAGGAGTA

	TOPO.forw
	Colony-screening and sequencing of TOPO4 clones
	CAGGAAACAGCTATGAC

	TOPO.rev
	Colony-screening and sequencing of TOPO4 clones
	GTAAAACGAAGGCCAG

	Axin1.Exon2.forw
	Canonical Axin1 transcript
	GCTGCATCATGAAGCAGCTGATCGA

	Axin1.Exon4.rev
	Canonical Axin1 transcript
	ATTGACCTGCACGCTCTCCTGCA

	Axin1.Amp4.forw
	Axin Amplicon 4, PCR on 5' RACE cDNA on K562 cells
	GGAACCGTCGGACCTGCTCATTAGT

	Axin1.Amp4.rev
	Axin Amplicon 4
	GAAGCAAATACCCCAAAGGAGACTAGA

	ERV9.forw
	Chimeric Axin1 transcript
	AGTGAGAGCCCAGGCAGAGGA

	Axin1.Intron2.rev
	Chimeric Axin1 transcript
	GACTGTGGCAGAGATGCAGGCAA

	Axin1.Intron2.rev2
	Chimeric Axin1 transcript, PCR on 5' RACE cDNA on K562 cells
	AGGTGAACCAGCCAGCTCTGTTCA

	Intron2.rev.nested
	Chimeric Axin1 transcript
	GCAAAGTAGCCTCCAGGACAG

	Intron2.rev.2.nested
	Chimeric Axin1 transcript, PCR on 5' RACE cDNA on K562 cells
	GCTGCTGTTCAAAGTTCCACTGACAA

	Firefly.rev
	PCR on 5' RACE cDNA on transfected HEK-293 cells
	AGCGTAAGTGATGTCCACCTCGAT

	Firefly.rev.nested 
	PCR on 5' RACE cDNA on transfected HEK-293 cells
	GTCCACCTCGATATGTGCATCTGTA

	Renilla.forw
	PCR on 5' RACE cDNA on transfected HEK-293 cells
	GGCACAACATGTCGCCATAAATAAGA

	Renilla.forw.nested 
	PCR on 5' RACE cDNA on transfected HEK-293 cells
	TAAGAAGAGGCCGCGTTACCATGTA

	Renilla.rev2
	PCR on 5' RACE cDNA on transfected HEK-293 cells
	GCCCATACCAATAAGGTCTGGTATAATAC

	Renilla.rev2.nested
	PCR on 5' RACE cDNA on transfected HEK-293 cells
	GCTACTGGCTCAATATGTGGCACAACATG

	ERV9.seq.forw
	Sequencing of ERV9 reporter plasmids
	CACAAAGCTTCTCCACATCCTC

	ERV9.seq.rev
	Sequencing of ERV9 reporter plasmids
	GGATCCACTGGGTGAAGCCAGC

	LTR.Insert.forw
	Amplification of forward LTR inserts: 

Akv and SL3-3 Nf1 mutant
	TTATATGCTAGCTGAAAGACCCCTTCATAAGGCTTAG

	LTR.Insert.rev
	Amplification of forward LTR inserts: 

Akv and SL3-3 Nf1 mutant
	TTATATGAATTCAATGAAAGACCCCCAGGCTGG

	LTR.Invers.Insert.forw
	Amplification of inverse LTR inserts: 

Akv, SL3-3 and SL3-3 3xNF1
	TTATATGCTAGCAATGAAAGACCCCCAGGCTGG

	LTR.Invers.Insert.rev
	Amplification of inverse LTR inserts: 

Akv, SL3-3 and SL3-3 3xNF1
	TTATATGAATTCTGAAAGACCCCTTCATAAGGCTTAG


Table A1: Overview of primers used for PCRs. Primers were synthesized at Sigma-Aldrich. Primers, except oligo.forw, oligo.forw. nested, TOPO.forw, TOPO.rev, MHR#140, V440, V2620 and the amp4.forw and reverse, were designed in this study. The oligo specific and the TOPO vector specifc primers are included in the 5' RACE and the TOPO cloning kit, respectively. MHR#140, V440 and V2620 were designed by Mads Rasmussen, while the Amp4 primer sequences were obtained from Ling et al., however one of the primers were extended to increase the annealing temperature [Ling et al., 2002]. 

All primers, excepts the four used for amplification of LTR inserts were desalted (the last four listed). These primers were HPLC purified. Nucleotides are coloured according to function: red, overhang; blue, NheI restriction site; green, EcoRI restriction site and black, sequence matching the terminal ends of the LTR that was amplified.
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Chimeric SL3-3-Ccnd3 transcript detected in tumor 02-327S. Blue, Ccnd3 intron sequence; green, SL3-3 provirus 

APPENDIX III

Designed “MINX.SL3-3.PIP7A” insert with unique restrictions sites in the terminal ends and in between the introns and the LTR. The introns and exon nucleotides are shown in dark gray and light gray, respectively. The full SL3-3 LTR is shown in green. The extra nucleotide that was inserted in between the MINX intron and the MINX exon is located at position 133. From the 5' end, the four indicated restriction sites are; yellow, MluI; blue NheI; green, EcoRI and pink, BglII. 


APPENDIX IV

Designed “ERV9 forward Insert” with unique restriction sites in the terminal ends. The full sequence of ERV9 is surrounded by two restriction sites: Blue, NheI; green, EcoRI. 


APPENDIX V

A) 

The unprocessed luciferase activity readings for HEK-293 cells are listed in the table below.  Cell lysates were 20x diluted. The window of measuring was set at 60 seconds.

	Plasmid
	Reporter
	- dexamethasone
	+ dexamethasone

	
	
	Sample 1
	Sample 2
	Sample 3
	Sample 1
	Sample 2
	Sample 3

	pGL3.basic
	Firefly

Renilla
	333

202
	324

198
	416

222
	308

194
	386

193
	438

247

	pGL3.SL3-3.Introns.dM
	Firefly

Renilla
	96,587

867
	124,296

900
	158,259

785
	412,148

1,377
	344,410

1,210
	351,738

1,733

	pGL3.SL3-3.dR.Introns.dM
	Firefly

Renilla
	570,539

492
	458,077

252
	575,594

249
	1,183,655

239
	1,131,107

274
	1,032,331

244

	pGL3.SL3-3.Inv.Intron.dM
	Firefly

Renilla
	10,728

76,963
	8,072

64,517
	8,372

70,890
	13,054

232,455
	18,544

275,030
	20,940

345,329

	pGL3.SL3-3.3xNF1mut.Introns.dM
	Firefly

Renilla
	371,272

1,092
	416,189

1,213
	584,970

1,470
	583,341

1,345
	600,309

1,401
	507,762

1,656

	pGL3.SL3-3.3xNF1mut.dR.Introns.dM
	Firefly

Renilla
	455,060

269
	588,236

300
	500,704

347
	794,957

451
	781,559

332
	790,307

265

	pGL3.SL3-3.3xNF1mut.Inv.Intron.dM
	Firefly

Renilla
	3,780

37,090
	4,821

48,494
	4,142

51,737
	5,287

97,691
	6,608

112,765
	5,529

114,828.

	pGL3.Akv.Introns.dM
	Firefly

Renilla
	553,247

1,483
	569,518

1,477
	549,140

1,335
	872,067

1,962
	1,000,515

2,096
	934,647

1,855

	pGL3.Akv.dR.Introns.dM
	Firefly

Renilla
	414,416

295
	384,866

357
	372,732

295
	845,770

298
	939,498

487
	987,482

293

	pGL3.Akv.Inv.Intron.dM
	Firefly

Renilla
	11,946

63,938
	12,816

79,377
	14,538

75,340
	12,472

162,985
	21,128

193,808
	19,767

253,834


APPENDIX V

B) 

The unprocessed luciferase activity readings for NIH-3T3 cells are listed in the table below.  Cell lysates were 20x diluted. The window of measuring was set at 10 seconds.

	Plasmid
	Reporter
	- dexamethasone
	+ dexamethasone

	
	
	Sample 1
	Sample 2
	Sample 3
	Sample 1
	Sample 2
	Sample 3

	pGL3.basic
	Firefly

Renilla
	279

245
	510

198
	758

288
	218

275
	581

242
	550

216

	pGL3.SL3-3.Introns.dM
	Firefly

Renilla
	471,726

1,340
	765,548

1,620
	112,843

750
	1,200,206

3,174
	900,711

2,977
	848,261

2,855

	pGL3.SL3-3.dR.Introns.dM
	Firefly

Renilla
	3,756,409

246
	2,793,938

607
	775,517

220
	1,544,023

270
	1,514,727

231
	2,974,124

245

	pGL3.SL3-3.Inv.Intron.dM
	Firefly

Renilla
	174,290

1,292,773
	146,272

1,342,017
	119,337

1,251,311
	361,395

3,201,530
	229,931

3,018,874
	352,690

3,202,521

	pGL3.SL3-3.3xNF1mut.Introns.dM
	Firefly

Renilla
	375,689

862
	307,070

989
	440,625

881
	198,827

981
	93,310

902
	163,681

1,045

	pGL3.SL3-3.3xNF1mut.dR.Introns.dM
	Firefly

Renilla
	640,032

276
	571,729

260
	429,392

240
	113,485

247
	171,573

254
	642,485

304

	pGL3.SL3-3.3xNF1mut.Inv.Intron.dM
	Firefly

Renilla
	9,974

139,556
	15,562

152,220
	19,656

169,169
	2,850

82,236
	4,595

129,867
	12,340

269,547

	pGL3.Akv.Introns.dM
	Firefly

Renilla
	3,820,781

5,093
	5,118,480

4,926
	2,881,412

4,171
	819,858

2,726
	3,250,834

4,001
	2,914,435

4,703

	pGL3.Akv.dR.Introns.dM
	Firefly

Renilla
	4,945,157

457
	4,580,398

447
	5,447,172

481
	2,630,874

452
	1,674,885

645
	4,032,027

722

	pGL3.Akv.Inv.Intron.dM
	Firefly

Renilla
	646,333

2,281,724
	648,400

2,700,303
	642,502

3,086,909
	141,819

2,150,117
	228,337

3,653,551
	159,546

3,076,196


APPENDIX V

C)

The unprocessed luciferase activity readings for HEK-293 and NIH-3T3 cells are listed in the table below.  Cell lysates were not diluted. The window of measuring was set at 10 seconds. 

	Cell lysate
	Plasmid
	Reporter
	- dexamethasone
	+ dexamethasone

	
	
	
	Sample 1
	Sample 2
	Sample 3
	Sample 1
	Sample 2
	Sample 3

	HEK-293
	pGL3.SL3-3.Introns.dM
	Firefly

Renilla 
	8,144,412

20,101
	7,779,464

15,895
	7,842,305

17,311
	19,406,308

34,263
	17,359,974

28,774
	16,307,214

28,273

	
	pGL3.SL3-3.3xNF1mut.Introns.dM
	Firefly

Renilla 
	17,361,664

21,465
	14,962,845

19,817
	20,587,916

30,510
	22,497,694

27,826
	22,311,322

32,171
	22,721,842

32,242

	
	pGL3.Akv.Introns.dM
	Firefly

Renilla 
	15,768,735

16,627
	13,943,48212,860
	12,405,099

12,012
	22,353,634

22,782
	22,533,632

21,898
	22,464,496

22,539

	NIH-3T3
	pGL3.basic
	Firefly

Renilla 
	740

245
	3,250

279
	6,285

236
	632

233
	4,594

339
	4,012

254

	
	pGL3.SL3-3.Introns.dM
	Firefly

Renilla 
	5,634,870

11,856
	999,589

5,724
	8,151,918

18,636
	13,261,396

33,048
	11,983,499

31,942
	7,611,742

30,508

	
	pGL3.SL3-3.3xNF1mut.Introns.dM
	Firefly

Renilla 
	3,704,500

7,691
	3,580,900

9,150
	3,886,925

8,703
	1,685,006

8,363
	1,089,998

7,538
	1,308,709

9,091

	
	pGL3.SL3-3.3xNF1mut.dR.Intron.dM
	Firefly

Renilla 
	5,372,051

385
	5,112,938

429
	4,261,167

406
	1,018,669

362
	1,626,608

365
	5,241,270

526


APPENDIX V

D)

The unprocessed luciferase activity readings for HEK-293 cells are listed in the table below.  Cell lysates were not diluted. The window of measuring was set at 60 seconds.

	Plasmid
	Amount of lysate/substrates
	Reporter
	Sample 1
	Sample 2
	Sample 3

	Untransfected 
	10/50
	Firefly

Renilla
	1,667

2,299
	1,315

2,283
	1,574

2,303

	pGL3.ERV9.Inv.Introns.dM
	10/50
	Firefly

Renilla
	2,297

83,750
	2,171

70,481
	2,808

107,970

	pGL3.ERV9.dR.Introns.dM
	10/50
	Firefly

Renilla
	343,506

1,908
	326,281

2,293
	348,500

2,215

	Untransfected
	20/100
	Firefly

Renilla
	2,079

2,778
	1,406

2,735
	1,802

3,330

	pGL3.ERV9.Inv.Introns.dM
	20/100
	Firefly

Renilla
	4,160

166,665
	3,597

156,764
	4,775

189,979
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